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Summary 
Shark populations have steeply declined worldwide due to unsustainable overexploitation and in this the 
Caribbean region is no exception. Since the 1990s many initiatives have been developed to protect the 
most threatened species. Sharks play an important ecological role in tropical marine ecosystems and 
represent an important economic potential in the context of ecotourism. As the Netherlands has 
traditionally shown strong international leadership and commitment in biodiversity protection, a key 
ambition of the new Dutch Caribbean Nature Policy Plan 2013-2017, developed jointly with the Dutch 
Caribbean islands, is the effective implementation of shark protection. 
 
This report provides the necessary review and background on which to base such an endeavour. In 2012 
27 species of sharks and rays were documented to be present in a deskstudy by IMARES, and six other 
species were listed to be tentatively present according to the IUCN Shark Specialist Group. In 2013 three 
new species were documented in field surveys carried out by IMARES. For these species this report 
provides an overview of available scientific knowledge on life history characteristics, distribution, 
abundance and population status in the Caribbean. The life history characteristics of slow growth, late 
maturity and low fecundity make sharks very vulnerable to overfishing and reduce their ability to recover 
from past overfishing. Because of their life history characteristics and their coastal habitat use for specific 
life stages, destruction of their main habitats and nursery grounds also has a relatively large impact on 
shark populations.  
 
The main threats to address in a shark protection plan are fishing mortality and habitat quality. Although 
directed shark fisheries are not occurring in the Dutch Caribbean, there are additional concerns to global 
shark populations, which are mixed-species fisheries, bycatch and Illegal, Unreported and Unregulated 
(IUU) fishing. Sharks do occur as bycatch in artisanal fisheries in the Dutch Caribbean and illegal fishing 
by foreign vessels also occurs occasionally.  
 
Public environmental awareness and support for management measures are a key determinant for the 
successful implementation of a shark protection plan. As part of this research a questionnaire was 
distributed amongst three key coastal resource user groups: fishermen, sport divers and local residents. 
It appeared there was no consensus on the perception of the change in biodiversity and abundance of 
sharks and rays.  However, a decisive majority of the respondents was in favour of shark protection and 
half of the fishers was in favour to manage bycatch. Respondents were asked to rank specific measures 
in order of importance. The most appreciated measure for fishermen was enforcement including 
meaningful penalties and the most appreciated measures for the other respondents were a ban on shark 
finning and landing of sharks, followed by enforcement and immediate release of bycatch. However, in 
the opinion of some fishermen sharks are considered a pest, which are not specifically targeted, but 
when caught are consumed or sold like any other fish. Awareness raising of especially fishermen and 
children was added by several divers and residents as an important additional protection measure. 
 
Throughout the world, sharks are playing an increasingly important role in island economies as an 
important natural attraction for eco-based recreation and tourism. A recent study has shown that a 
single shark can represent an average touristic resource value of US$ 2.64 million. Consequently, shark 
protection is taking flight around the world, including the Caribbean. In the last 3 years the region has 
seen the implementation of shark National Plan Of Action (NPOA) in the Bahamas, Honduras and 
Venezuela. Because the most destructive industrial-scale fishery practices (directed shark fisheries, shark 
finning, long-lining and gillnetting) have never been important in the Dutch Caribbean, the development 
and effective implementation of a shark NPOA is much simpler than in most situations. The overall 
feasibility for successful shark conservation are high due to a number of other factors listed in this 
report. 
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Worldwide the use of sanctuaries is the main conservation tool. We therefore propose the establishment 
of a shark sanctuary as the main cornerstone to a Dutch Caribbean shark NPOA. This report outlines the 
ecological arguments for the establishment of a shark NPOA and sanctuary(ies), as well as the typical 
issues that need to be addressed. Legal designation of a shark sanctuary would form the first and most 
important step which provides the framework for all broader (international cooperation) and in depth 
(knowledge and conservation development) initiatives. Once a sanctuary is established, the fuller 
implementation of a shark NPOA should be seen as a gradual process, involving development of 
knowledge, policy, rules and regulations, public and stakeholder participation. In this, the Netherlands 
would follow and importantly reinforce the efforts of other nations who have already established NPOAs 
based on shark sanctuaries within the region. 
 
The most promising area for establishment of a shark sanctuary is the little-fished Saba Bank as this 
area of unique biodiversity has the best shark population status, has recently already acquired national 
protected status and an active management structure, as well as international status as an EBSA and  
PSSA including IMO anchoring prohibition. Furthermore, a shark sanctuary for this area could importantly 
reinforce government plans to locate the first (part) of a Dutch Caribbean Marine Mammals Sanctuary at 
the Saba Bank. The shark population present presents unique research opportunities that could also 
generate considerable economic spin-off for the islands in terms of scientific research and knowledge 
development. 
 
We conclude with three key recommendations: 
 Develop a simple and holistic shark NPOA based importantly on the use of one (or more) shark 
sanctuaries 
 Set up a shark research program combining on the one hand low tech opportunistic approaches 
(allowing participation of stakeholder groups for awareness and community support) and on the 
other hand using high tech approaches (genetic, telemetry, video-monitoring) to allow thorough 
insights even though abundance may be low 
 Start actively participating in regional shark conservation and ecosystem initiatives and seek 
active collaboration with sister sanctuaries of the region (Venezuela, Honduras, Bahamas) 
8 of 104 Report number C209/13 
1 Introduction 
Fish can be divided in bony fish (Osteichthyes) and cartilaginous fish (Chrondrichthyes). Sharks and rays 
form the subclass elasmobranchs in the class Chrondrichthyes. About 5% of all fish species are 
elasmobranchs (Heessen, 2010). Globally there are between 954 and 1,125 species of living 
elasmobranchs in 57 families and 182 genera (Fowler et al. 2005). For the purpose of this report, the 
term ‘shark’  includes all species of sharks and rays unless stated otherwise. 
 
The occurrence of elasmobranchs in the Dutch Caribbean is poorly known (Meesters et al., 2010). The 
Dutch Caribbean EEZ consists of two separate sectors, a southern sector associated with the leeward 
ABC-islands (Aruba, Bonaire and Curaçao) lying off the coast of Venezuela, and a northern sector, 
associated with the islands of Saba, St. Eustatius and St. Maarten (Figure 1). Respectively these sectors 
have a surface area of approximately 71.198 km2 and 21.803 km2 (Debrot and Sybesma, 2000). 
 
Figure 1.  Left map: The leeward Dutch Caribbean EEZ around Aruba, Bonaire and Curaçao. Right map: The 
windward Dutch Caribbean EEZ around Saba, St. Eustatius and St. Maarten. 
 
Based on anecdotal accounts from the six islands in the Dutch Caribbean a preliminary assessment of 
shark occurrence has been described in a study of IMARES commissioned by the Dutch Ministry of 
Economic Affairs (Van Overzee et al., 2012) and in two publications (Debrot et al., in press; Van Beek et 
al., 2013). 
In the Dutch Caribbean EEZ at least 27 elasmobranch species have been documented and 6 more 
species are tentatively present (Appendix A). Of these, 10 are listed as “critically endangered” and 8 as 
“near threatened” by the IUCN. Based on recent data, published sport diver accounts, and anecdotal 
accounts, it is clear that shark populations in most areas of the Dutch Caribbean have been strongly 
depleted in the last half century (Van Beek et al., 2013). 
 
The main threats to sharks are fishing and habitat loss and degradation (Field et al. 2009). Direct fishing 
mortality is a driver of decline in elasmobranchs biodiversity, although some smaller fisheries do not 
have associated declines, and particularly mixed-species fisheries and illegal, unreported and 
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unregulated (IUU) fishing are of concern (Field et al. 2009). The increase of shark catches is a concern 
for shark populations, because sharks often have a close stock-recruitment relationship (i.e. stock 
reduction reduces recruitment), complex spatial structures (size and sex segregation and seasonal 
migration) and long recovery times in response to overfishing due to their life history characteristics (late 
sexual maturity, few off-spring) (FAO, 1999). Because of their life history characteristics and their 
coastal habitat use for specific life stages, destruction of their main habitats and nursery grounds also 
has a relatively large impact on shark populations (Jennings et al. 2009). 
Elasmobranchs are not a target fishery in the Dutch Caribbean, but do occur as bycatch in artisanal 
fisheries. Sharks are considered nuisance species by some fishermen. Most sharks caught are not 
discarded, but consumed locally, used as bait, or (reportedly) killed and discarded at sea (Van Beek et 
al., 2013). Illegal fishing on sharks by foreign vessels sporadically occurs, such as recently in March 2013 
by a Venezuelan vessel at the Saba Bank 1. 
 
Problems in the conservation and management of sharks are the current state of knowledge of sharks 
and the practices employed in shark fisheries, due to lack of catch, effort, landings and trade data as well 
as limited information on the biological parameters of many species and their identification (FAO, 1999).  
 
The Dutch Ministry of Economic Affairs undertook several actions for the conservation and management 
of sharks in the Dutch Caribbean. In November 2011 the Kingdom of the Netherlands ratified the 
Memorandum of Understanding on the conservation of migratory sharks (MoU Sharks) of the Convention 
on the Conservation of Migratory Species (CMS). This MoU entered into force on 1 March 2010 with the 
aim to sustainably manage and protect migratory shark species, in particular the species included in 
appendices I en II of the CMS.  
In the Nature Policy Plan for Bonaire, Saba and St. Eustatius for 2013-2017, a framework for decision 
making to set priorities for nature conservation for the coming five years, one of the strategic goals is 
the establishment of a shark sanctuary in the Exclusive Economic Zone (EEZ) of the Dutch Caribbean.   
After a preliminary assessment  of the status of shark species, shark catch and protection measures in 
the Dutch Caribbean by IMARES (Van Overzee et al. 2012), the Dutch Ministry of Economic Affairs has 
requested IMARES to research the opportunities and requirements for a shark protection plan in the 
Dutch Caribbean.   
1.1 Assignment 
The main objective of this helpdesk question report was to draft a plan of approach for a shark protection 
plan in the Dutch Caribbean.  
 
The underlying goals were to: 
 Describe regional and international shark protection initiatives and establish contacts with 
regional and international partners; 
 Describe which anthropogenic threats are relevant for sharks in the Dutch Caribbean EEZ and 
should be incorporated in a shark protection plan; 
 Do a feasibility study for a shark protection plan to identify conditions for successful 
implementation; 
 Develop a methodology and instruments to monitor the shark population in the Dutch Caribbean, 
in order to monitor the shark population before and after implementation of a shark protection 
plan.    
                                                 
 
1 http://www.thedailyherald.com/index.php?option=com_content&view=article&id=36636:coast-guard-
stops-illegal-fishing-over-saba-bank&catid=1:islands-news&Itemid=54 
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The above research questions were answered by means of a desk study by IMARES. The Food and 
Agricultural Organization (FAO) guidelines for an International Plan of Action for the conservation and 
management of sharks (IPOA Sharks) were applied as guiding principles. Expert knowledge was provided 
by shark biologists of the Netherlands and European Elasmobranch Society, and the IUCN Shark 
Specialist Group. The desk study was carried out in cooperation with nature conservation organisations, 
fisheries government departments and dive operators on all six islands in the Dutch Caribbean. 
1.2 Acknowledgments 
We would like to thank the following people for their generous assistance in providing information and 
facilitating response to our questionnaire: Gisbert Boekhoudt and Robert Kock, resp. director of the 
Directorate Nature and Environment on Aruba and head of the research and monitoring department at 
the same directorate; Bruce Bowker of Carib Inn on Bonaire; Frank van Slobbe and Peter Montanus from 
the Department of Environment and Natural Resources (DROB) on Bonaire; Erik Noteboom of Carib Sea 
sports on Curaçao; Mark Vermeij, Scientific director at CARMABI Foundation on Curaçao; Brooke 
Rodgers, marine park ranger at Saba Conservation Foundation; Erik Boman, data monitoring officer on 
St. Eustatius; Menno Walther of Scuabaqua on St. Eustatius; and Tadzio Bervoets, St. Maarten Nature 
Foundation Marine Park Manager. We also like to thank Gerard van Buurt, fishery expert in Curaçao, and 
Kai Wulf, Marine Park Manager at Saba Conservation Foundation for sharing images and publications of 
recent (IUU) shark catches on their islands; Paul Hoetjes and Pieter van Baren, resp. policy coordinator 
Nature and policy advisor Fisheries of the Ministry of Economic Affairs at the national office for the Dutch 
Caribbean, for sharing information on shark protection initiatives of the PEW Environment Group; 
Nicholas Dulvy, co-chair of the IUCN Shark Specialist Group, for his advice on the species lists and 
management and conservation of sharks; Mariska Bottema, marine advisor at Wereld Natuur Fonds for 
sharing information on the shark inventory of the WWF Caribbean Marine Alliance; and Hayo Haanstra, 
policy advisor Dutch Caribbean for the Dutch Ministry of Economic Affairs, Agriculture and Innovation for 
arranging the funding of this study under grant no. BO-11-011.05-030.  
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2 Elasmobranch species in the Dutch Caribbean 
As part of a desk study conducted by IMARES, a species list of elasmobranchs in the Dutch Caribbean 
was documented (Van Overzee et al. 2012) and published (Debrot et al., in press; Van Beek et al., 
2013). Based on anecdotal accounts, 27 elasmobranch species have been documented in the Dutch 
Caribbean, and according to the IUCN Shark Specialist Group 6 more species are tentatively present 
(Appendix A). Based on recent research by IMARES in 2013, a marine mammal aerial survey and 
fisheries monitoring program, 3 additional shark species have been documented (S. Geelhoed et al., 
2014, M. de Graaf, in prep., D. Debrot, in prep.). 
2.1 Population status, distribution and relative abundance 
The current status of elasmobranch populations in the Gulf of Mexico and the Caribbean remains 
generally poorly known (Fowler et al. 2005). There is no data available on population status, distribution 
and abundance of elasmobranchs in the Dutch Caribbean. 
 
As part of the IMARES fisheries and fish monitoring programs on Saba and St. Eustatius a start has been 
made in 2012 to collect data on relative shark abundance and shark bycatch. These data are currently 
being analysed, and will be reported in 2014. However, some preliminary data on the relative abundance 
of sharks and shark species occurrence are presented in this report. 
2.1.1 IMARES fish monitoring programs 
Fish surveys have been conducted incidentally on most of the islands, but not in a regular, structured 
and standardised way. In July 2012 a fish monitoring program started in the waters around Saba at 
three depths, namely 15, 50 and 100m. The same program started in the waters around St. Eustatius in 
March 2013 and at the Saba Bank in May 2013. Data on species richness, relative abundance and length-
frequency distribution were collected using stereo Baited Remote Underwater Video (sBRUV). Brooks et 
al. (2011) compared BRUV with traditional longline surveys to study diversity, distribution and 
abundance of sharks on the Bahamas and concluded that BRUV is a viable, less invasive and more cost 
effective method than longline surveys when studying sharks, especially suited for long term monitoring 
of species richness and relative abundance over a wide range. The sBRUV method is being developed for 
long term monitoring of fish on Bonaire, Saba and St. Eustatius. 
 
During the 45-minute camera deployments of the sBRUV surveys on Saba, St. Eustatius and the Saba 
Bank there were regular shark observations, mainly at 15 and 50m depth (Table 1).  
Table 1.  Shark species relative abundance of sBRUV surveys on Saba, St. Eustatius and the Saba Bank. 
 Saba  Saba Bank St. Eustatius 
Duration survey period 4 months 2 months 6 months 
No. of BRUV drops with one or more shark observations 42 out of 110 11 out of 51 38 out of 104 
No. and species observed    
 Nurse shark 10 8 11 
 Caribbean reef shark 16 16 28 
 Tiger shark 0 2 0 
 Blacktip shark 1 2 2 
 Silky shark 1 0 0 
 Spotted eagleray 0 0 5 
 Southern stingray 18 2 18 
Total shark observations 46 30 64 
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In the waters around Saba there were 46 shark observations in 42 of the 110 camera deployments 
(38%) during the 4-month survey from 25 July 2012 until 2 December 2012: 10 nurse sharks, 16 
Caribbean reef sharks, 1 silky shark, 1 blacktip shark and 18 southern stingrays (W. van Looijengoed, in 
prep.). At the Saba Bank there were 30 shark observations in 11 of the 51 camera deployments (22%) 
during the 2-month survey from 4 April 2013 until 5 June 2013: 8 nurse sharks, 16 Caribbean reef 
sharks, 2 blacktip sharks, 2 tiger sharks, 2 southern stingrays (J. Pander, in prep.). In the waters around 
St. Eustatius there were 64 shark and ray observations in 38 of the 104 camera deployments (37%) 
during the 6-month survey from 4 March 2013 to 29 August. Species observed were: 11 nurse sharks, 
28 Caribbean reef sharks, 2 blacktip sharks, 5 spotted eagle rays and 18 southern stingrays (Van Kuijk, 
2013). 
2.1.2 Sea Saba diver observation program 
Sea Saba is one of the dive operators on Saba. They are used to keeping record on their website  of 
remarkable observations during their guided dives2. In April 2012 they set up a specific database to 
record shark observations, at the request and in collaboration with IMARES and as part of the fish and 
fisheries monitoring programs on the island. Figures 3 to 6 present the sighting of 1041 sharks during 
1947 dives in 1,5 years from April 2012 until September 2013. Most observations were nurse sharks 
(n=516) and Caribbean reef sharks (n=497) (Figure 4). Most sharks were observed in deeper waters 
(Figure 6) and at dive sites further offshore at large underwater mounts, the so-called pinnacles (blue 
box Figure 3). 
 
                                                 
 
2 http://www.seasaba.com/english_html/news_seen.htm 
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Figure 2 Map of the dive locations of Sea Saba.  
 
Figure 3.  Shark observations by Sea Saba divers from April 2012 until September 2013 with the average 
number of sharks per dive per dive location. 
 
516
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20 1 7
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Other/Unidentified
 
Figure 4. Shark species and numbers of sharks observed by Sea Saba divers during 1947 dives from April 
2012 until September 2013 
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Figure 5. Trend of average number of sharks observed per dive per month in 2013 
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Figure 6. Trend of average number of sharks observed per dive at 4 depth zones in 2013 
2.1.3 IMARES fisheries monitoring program 
Landings and bycatch of sharks are generally not recorded except for the Saba Bank and St. Eustatius, 
because of the lack of regular fisheries monitoring programs. However, fisheries departments on some of 
the island do have information on shark bycatch. These anecdotal accounts from Aruba, Curaçao and St. 
Eustatius were used as input for the elasmobranch species list of the Dutch Caribbean (Appendix A).  
 
Two fisheries assessments on the Saba Bank fisheries in 2000 and 2007 reported on shark bycatch. The 
12-month monitoring survey in 2000 by Dilrosun (2000) reported nurse sharks that were caught in the 
lobster trap fishery, but were not landed and used as bait instead. The 6-month monitoring survey of 
Toller and Lundvall (2008) in 2007 reported nurse sharks were common bycatch species in the lobster 
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trap fishery, but rarely marketed. In addition to nurse sharks the following species were recorded: 
Blacktip shark (1 specimen; landed), Cuban dogfish (1 specimen; released), and Caribbean reef shark (4 
specimens; landed).  
 
In 2012 IMARES implemented a fisheries monitoring program on St. Eustatius and Saba and in 2013 a 
pilot study was conducted on Bonaire. These monitoring programs consist of four parts:  
1. daily fish trip logs, recording the number of boats fishing each day;  
2. port sampling “short interview”, collecting basic information on gear, catch and fishing site from 
a sample (~30%) of fishing trips;  
3. port sampling “long interview”, collection in addition to the short interview also data on species 
composition and length frequency of the landed fish (~10% of the fishing trips);  
4. and on-board sampling, collecting data on discards and reproductive biology of fish and lobster 
(<5% of the fishing trips). 
The establishment of fisheries monitoring programs on the islands will provide basic information on shark 
catches, species composition and relative abundance. 
The fishery in the waters surrounding St. Eustatius is small scale with around six fishermen. In Statia 
limited landings of nurse shark can be reported (R. Hensen and E. Boman, pers. comm.) During port 
sampling on St. Eustatius between January and June 2012, 108 interviews were conducted and 18 
catches were sampled, in which four nurse sharks between 90-160 cm were recorded as landed (Van 
Beek et al. 2013). Based on 2012 and 2013 fishery monitoring data of the St. Eustatius lobster trap 
fishery nurse sharks represented less than 1% of the annual landings in numbers and about 7% 
(2012:13, 2013:2) in weight (Poiesz, 2014). 
The Saban commercial fishery is almost exclusively focussed on the Saba Bank with little or no effort 
allocated to the waters directly surrounding the island. This small scale fishery with 10 licenses is 
predominantly a trap fishery for lobster (shallow waters <30m) and redfish (assorted snapper species; 
deep waters >100m). Sharks are not specifically targeted by any of these fisheries, but are incidentally 
caught as bycatch. During port sampling on Saba between January 2012 and October 2012, 2 nurse 
sharks and 1 Caribbean reef shark were recorded as landed so far. However, during each of the five on-
board discard monitoring trips of the lobster trap fishery, nurse sharks were observed as bycatch. All 
were returned to sea alive. One dead Caribbean reef shark was recorded in a lobster trap. Furthermore a 
fisherman reported catching sixgill sharks while handlining in deep waters of 100-300m (Van Beek et al. 
2013).  
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2.2 Life history per species 
Life history parameters such as age and growth, along with basic information on reproduction, distribution, movements, habitat use and genetics, are 
essential to understand and predict how populations will grow and how they will respond to fishing pressure. Detailed information on life history is 
available only for a few of the between 954 and 1,125 species of living elasmobranchs worldwide, mainly those species which are of importance for 
directed fisheries (Fowler et al., 2005). Table 2 presents an overview of available knowledge on life history characteristics, distribution, habitat and 
fisheries pressure of 25 documented elasmobranch species in the Dutch Caribbean. This can be used as an orientation into the species. Furthermore it 
provides input for future research such as a Productivity Susceptibility Analysis to define biological sensitivity and fisheries susceptibility of shark species. 
 
Table 2. Overview of life history characteristics, distribution, habitat use and fisheries pressure of all documented  shark species occurring in the Dutch 
Caribbean. 
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Family: Whale sharks – Rhincodontidae 
1. Whale shark Rhincodon 
typus 
9-20 
or 30 
F: No 
data 
M: 900 
48-
58 
1500-
2000 
60-
100 
300 0.08 No 
data 
No 
data 
V Worldwide 
tropical and 
warm-
temperate 
Pelagic 1-700 Coral reefs, 
coastal, 
open ocean 
No data Some Low VU X 
Family: Nurse sharks – Ginglymostomatidae 
2. Nurse shark Ginglymostoma 
cirratum 
F:15-
20 
M:10-
15 
F:~227 
M:~215 
29 250-
300 
No 
data 
21-50  No 
data 
2 5-6 OV Widespread Benthic 12-15 
(75 
max) 
Coral reefs, 
inshore 
Inshore Low Low DD X 
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Family: Requiem sharks – Carcharhinidae 
3. Caribbean 
reef shark 
Carcharhinus 
perezi 
No 
data 
150-
170 
< 73 295 No 
data 
No data No 
data 
No 
data 
No 
data 
V Regional 
Bermuda to 
Brazil, West 
Atlantic 
No data 0-356 Coral reef Reefs and 
lagoons 
Yes Yes NT No 
4. Blacktip 
shark 
Carcharhinus 
limbatus 
F:6-7 
M:4-5 
F:146-
156 
M:130-
145 
F:53-
65 
206 9-10 2-3 0.054 2 11-
12 
V Widespread 
tropical and 
warm-
temperate 
Pelagic 
 
<30  Coral reefs, 
beaches, 
bays, 
estuaries 
Coastal 
bays, 
estuaries 
High Some NT X 
5. Lemon 
shark 
Negaprion 
brevirostris 
F:13 
M:12 
F:235 
M:225 
F:50-
60 
>350 >30 4-17 No 
data 
2 10-
12 
V Widespread 
tropical and 
warm-
temperate 
Demersal <90 Coral reefs, 
coastal, 
mangrove, 
occasionally 
oceanic 
Nearshore 
shallow 
waters 
Some 
-high 
Some NT X 
6. Bull Shark Carcharhinus 
leucas 
F:>18 
M:14-
15 
F:180-
230 
M:157-
226 
56-
81 
340 >24 1-13 
(av. 6-
8) 
0.027-
0.039 
2? 10-
11 
V Worldwide 
tropical and 
temperate 
Semi 
pelagic 
<30  
(150 
max) 
Coastal, 
estuarine, 
freshwater 
continental 
shelves 
Estuarine 
or fresh- 
water 
Low Some NT X 
7. Tiger Shark Galeocerdo 
cuvier 
8-10 F:250-
350 
M:226-
290 
51-
90 
600 50 10-82 
(av.30-
35) 
0.043 
at MSY 
2? 12-
16 
OV Worldwide 
tropical and 
warm-
temperate 
Pelagic  Shallow 
(350 
max) 
Coastal, 
estuaries, 
oceanic 
islands and 
waters 
between 
No data Some Some NT X 
8. Oceanic 
white-tip shark 
Carcharhinus 
longimanus 
4-5 F:170-
190 
M:170-
196 
60-
65 
>350 22 1-14 No 
data 
2 9-
12 
V Worldwide, 
warm 
oceanic 
water 
Pelagic 1-152 Oceanic, 
occasional 
inshore 
Oceanic None High VU X 
9. Silky shark Carcharhinus 
falciformis 
F:7-
12 
M:6-
10 
F:232-
246 
M:215-
225 
76 330 >22 2-15 
(av.12) 
0.043 1- 2  V Worldwide 
tropical 
Semi-
pelagic  
No 
data 
Coastal, 
continental 
shelves and 
slopes, 
oceanic 
Coastal Some-
high 
High NT X 
10.Blue shark Prionace 
glauca 
F:5-7 
M:4-6 
F:183-
221 
M:182-
218 
35-
50 
383 20 35 0.061 
at MSY 
1-2 9-
12 
V Worldwide 
tropical and 
temperate 
Pelagic 1-350 Oceanic Offshore 
(NE 
Atlantic) 
Low High NT X 
11.Sandbar 
shark 
Carcharhinus 
plumbeus 
13-18 
or 29 
F:179-
183 
M:170 
56-
75 
F:234 
M:226 
>35 1-14 
(av.8.4-
9.3) 
0.025-
0.119 
2 9-
12 
V Worldwide 
tropical and 
warm-
temperate 
Pelagic 20-100 Coastal Bays and 
estuaries 
High Some VU X 
Family: Hammerhead sharks – Sphyrnidae 
12.Smooth 
hammerhead 
Sphyrna 
zygaena 
No 
data 
F:265 
M:250-
260 
50-
61 
370-
400 
No 
data 
20-50 No 
data 
No 
data 
10-
11 
V Widespread 
warm-
temperature 
Pelagic  <60 Continental 
shelves 
Offshore Some Some VU X 
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13.Scalloped 
hammerhead 
Sphyrna lewini F:15 
M:10 
F:210-
250 
M:140-
198 
31-
55 
F:346 
M:340 
F:<35 
M:<30 
12-38 0.028 1 9-
12 
V Widespread 
tropical and 
warm-
temperate 
Semi 
pelagic 
1-560 Continental 
and insular 
shelves 
Coastal, 
estuaries 
and bays 
Some 
-high 
High EN X 
14.Great 
hammerhead 
Sphyrna 
mokarran 
No 
data 
F210-
300 
M:225-
269 
50-
70 
600 No 
data 
6-42 No 
data 
2 11 V Widespread 
tropical 
Semi 
pelagic 
1-80 Coastal, 
continental 
and insular 
shelves 
No data None Some EN X 
15.Bonnethead 
shark 
Sphyrna tiburo F:2-3 
M:2 
F:80-95 
M:68-
85 
27-
35 
F:130-
150 
M:110-
125 
F:6-12 
M:5-6 
6-10 
(av.9) 
0.304 1 4.5-
5 
V Regional Demersal 0-80 
(10-25 
mostly) 
Costal 
estuaries 
and bays 
Nearshore, 
shallow 
sea grass 
beds 
Some 
-high 
High LC No 
Family: Basking sharks – Cetorhinidae 
16.Basking 
shark 
Cetorhinus 
maximus 
F:16-
20 
M:12-
15 
F:800-
900 
M:500-
700 
150-
200 
>1200 50 6 0.013-
0.0231 
2-
4? 
12-
36 
OV Worldwide  
temperate 
Pelagic Spring: 
surface 
Winter: 
deep 
Coastal and 
surface, 
continental 
shelf and 
shelf edge 
No data Low Some VU X 
 
Family: Mackerel sharks – Lamnidae 
17.Shortfin mako Isurus 
oxyrinchus 
F: 
~6 
M: 
~2.5 
F:265-
280 
M:~195 
~70 394 ~20 4-
18 
0.051 
at 
MSY 
2-3 15-
18 
OV* Worldwide 
tropical and 
temperate 
Pelagic 1-450 Oceanic No data Some High VU X 
Family: Thresher sharks – Alopiidae 
18.Thresher shark Alopias 
vulpinus 
3-8  F:315-
400 
M:≥314 
115
-
156 
415-
573 
≤50  2-7  0.069 
at  
MSY 
?  9  OV*   Virtually 
worldwide, 
tropical to 
temperate 
Pelagic  1-366  Oceanic and 
coastal, 
most 
<80km 
offshore 
Nearshore  Some  Some VU  X 
19.Bigeye thresher Alopias 
superciliosu
s 
No 
data 
No data  No 
data 
No 
data 
No 
dat
a 
No 
dat
a 
No 
data 
No data  No 
dat
a 
No 
data 
No data  Pelagic  No 
data 
No data  No data  No 
data 
No 
data 
VU  X 
Family: Six/sevengill sharks – Hexanchidae 
20.Big-eyed sixgill 
shark 
Hexanchus 
nakamurai 
No 
data 
142 40-
43 
178 No 
dat
a 
13-
28 
No 
data 
No data No 
dat
a 
OV Worldwide  
tropical and 
temperate 
Deep 
benthic  
60-620 Outer shelf 
and upper 
slope 
No data Low Some DD No 
21.Bluntnose sixgill 
shark 
Hexanchus 
griseus 
No 
data 
F:420 
M:315 
65-
74 
482 No 
dat
a 
22-
108 
No 
data 
No data No 
dat
a 
OV Worldwide  
tropical and 
temperate 
Deep 
benthic 
60- 
2500 
Young often 
coastal, 
adults often 
deep water 
Outer shelf 
and upper 
slope 
Low Some NT No 
Report number C209/13 19 of 104 
Family: Sawfishes             –  Pristidae 
22.Smalltooth 
sawfish 
Pristis 
pectinata 
No 
data 
321.5  61  ≥550 ?  15-
20? 
0.08-
0.12 
1  No 
dat
a 
No 
data 
Widespread 
tropical and 
warm-
temperate 
Benthic  1-10  Nearshore, 
estuarine 
No data  Low  Some CR  - 
Family: Stingrays              -   Dasyatidae 
23.Spotted eagle 
ray 
Aetobatus 
narinari 
4-6  ?  26 
DW 
880 
DW 
? 
 
≤4  ?  continuous ?  OV  Worldwide 
tropical and 
warm-
temperate 
Pelagic  1-24 
Up to 
60 m 
Coastal, 
lagoon 
estuaries 
?  Low  Some DD  X 
24.Southern 
stingray 
Dasyatis 
americana 
No 
data 
M: 510 
F: 295-
315 
20-
34 
DW 
200 
DW 
18  2-
10 
  Bi-annual  4-
11 
V  (Sub)tropic
al southern 
Atlantic, 
Gulf and 
Caribbean 
Bottom 
dweller 
1-53 
m 
Shallow 
coastal 
sand/silt 
      DD  - 
Family: Manta/devil rays   -  Myliobatidae 
25.Giant manta ray Manta 
birostris 
F:6  
M:? 
M: 400 
F: 500 
120 
DW 
670 
DW 
M: 
> 
10 
> 
20 
yrs 
1  ?  2-3  ?  V  Worldwide 
tropical 
Epipelagi
c 
1-40  Coastal, 
continental 
shelves 
?  Low -
high 
local 
Low -
high 
local 
VU  X 
1 Source for life history characteristics, distribution and habitat is Fowler et al. (2005) for all species except two. Data source for Caribbean reef shark (3.) and 
Southern stingray (26.) is fishbase (Froese and Pauly, 2011). Data for rays were retrieved from the website of the Florida Museum of natural History 
[http://www.flmnh.ufl.edu] 
2 Reproductive guild refers to the reproductive strategy of elasmobranchs (Balon, 1975). Elasmobranchs are bearers and have three ways to bear their young; 
oviparity (O), viviparity (V)  and ovoviviparity (OV). Oviparous species lay eggs in the water. Oviviviparous species are live-bearers, whereby the eggs hatch within 
the mother’s body and the young are born alive and fully functional. Viviparous species are also live-bearers, whereby the young develop in a placenta and are 
born alive and fully functional. OV* are ovoviviparious whereby the developing embryos eat the eggs of their potential siblings.  
3 Gestation time is the carrying time of an embryo inside female viviparous species.  
4 Elasmobranch ID refers to the presence (x) or absence of the species in the Identification guide of the main shark and ray species of the eastern tropical 
Atlantic, for the purpose of fisheries observers and biologists [http://www.iucnssg.org/tl_files/Assets/Regional%20files/West%20Africa/ID_East_Trop_Atlantic_ENGLISH.pdf] 
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2.3 Species description 
In this chapter we describe for 24 species their main life history characteristics, threats and protection 
measures, as well as available scientific knowledge on abundance and population status in the 
Caribbean. This selection was made based on several criteria: availability of historic data; apparent 
abundance; keystone species; and endangered species.  
From the 33 elasmobranch species listed in Appendix A we selected 22 species. We omitted six species 
which are tentatively present according to the IUCN Shark Specialist Group – four shark species 
(Carcharhinus acronotus, Blacknose reef shark; Rhizoprionodon lalandii, Brazilian Sharp-nose Shark; 
Rhizoprionodon porosus, Caribbean Sharp-nose Shark; and Scyliorhinus boa, Boa catshark) and two ray 
species (Himantura schmardae, Chupare stingray; and Dasyatis say, Bluntnose stingray) – because these 
species are data deficient in the Dutch Caribbean as they have never been observed according to 
anecdotal accounts. We also omitted dogshark (Squalus cubensis, Cuban dogfish shark), catshark 
(Apristurus canutus, Hoary catshark) and houndshark (Triakis spp.) species, because these species are data 
deficient according to the IUCN red list and observations in the Dutch Caribbean have been very limited. 
Furthermore, we omitted two species (Isistius brasiliensis, cookiecutter shark; and Etmopterus bullisi, lined 
lanternshark) which are of least concern according to the IUCN red list. None of the 11 omitted species 
have a protected status on international (CITES and CMS) and regional treaties (SPAW) and availability 
of life history data is limited for these species. 
In addition to the 22 selected species from the 2012 species list (Appendix A) we added three new 
species, which were respectively documented by IMARES in 2013 in a marine mammal aerial survey 
(Cetorhinus maximus, Basking shark) (S. Geelhoed et al., 2014), the Saba fisheries monitoring program 
(Carcharhinus plumbeus, Sandbar shark) (M. De Graaf, in prep.) and analysis of submarine explorations 
to depths of 900 m (Hexanchus griseus, Bluntnose sixgill shark) (D. Debrot, in prep.).  Because the 
Sandbar shark was documented just prior to the presentation of this report, this species has only been 
added to Table 2, and has not been included in the following species description.  
 
The remaining 24 species are either a keystone species (most sharks are top predators with a critical role 
in maintaining the structure of the ecosystem) or endangered species (Critically endangered: Smalltooth 
sawfish; Endangered: Scalloped hammerhead, Great hammerhead; Vulnerable: Giant manta ray, Whale 
shark, Oceanic white-tip shark, Smooth hammerhead, Shortfin mako, Thresher shark and Bigeye 
thresher. Because of their presence according to anecdotal account, sport diver observations and fish 
monitoring we included the other rays (Spotted eagle ray and Southern stingray) and other requiem 
sharks, which are all nearly threatened (Caribbean reef shark, Blacktip shark, Lemon shark, Bull shark, 
Tiger shark, Silky shark, Blue shark). Blacktip and blue sharks are species commonly caught in 
commercial tuna- and shark fisheries (Singh-Renton, 2010). We included Bonnethead shark, because it 
completes the list of present Hammerhead species. We included Big-eyed and Bluntnose sixgill sharks, 
because they are keystone species in deep water, have escaped from overfishing and play an important 
role in the coupling between pelagic and epipelagic ecosystems during day and night respectively.  
2.3.1 Rhincodontidae (Whale sharks) 
Whale shark, Rhincodon typus (Smith 1882) 
The whale shark is the largest shark and fish species of the world and widespread throughout tropical-
temperate seas. It feeds on aggregations of small marine organisms, ranging from coral spawn (Heyman 
et al., 2001) to crab larvae, baitfish and even small tunas (Martin, 2007; Taylor, 2007). It is a highly 
migratory species and shows little genetic differentiation world-wide (Schmidt et al., 2009).  
Debrot et al (in press) document 24 records of whale sharks for the Dutch Caribbean, The results 
suggest a higher abundance of whale sharks in the southern, leeward part of the Dutch Caribbean, likely 
associated with seasonal upwelling-driven productivity known for the southeastern Caribbean area. A 
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bimodal seasonal pattern as documented elsewhere for Venezuela was not pronounced in the Leeward 
Dutch islands and whale sharks were recorded in 9 months of the year. In the Windward Dutch islands all 
(4) records so far were for the winter months of December-February.  
Due to its population dynamic characteristics this species is very vulnerable to overfishing (Bonfil, 1997; 
Pauly, 2002). Most fishing on whale shark takes place in the Indian and Pacific Oceans (Alava, 2002; 
DEH, 2003). In the Caribbean, the whale shark is most often fished in Mexico (Bonfil, 1997). It is 
declining world-wide (e.g. DEH 2003, Schmidt et al  2009)and has been listed as vulnerable on the IUCN 
Red List of Endangered Species. It is further afforded international legal protection by enlistment in 
Appendix II of the Convention on Trade in Endangered Species of Flora and Fauna (CITES), Appendix II 
of the Convention on Migratory Species (CMS), and Annex I (Highly Migratory Species) of the United 
Nations Convention on the Law of the Sea (UNCLOS). The species enjoys local legal protection in various 
countries worldwide (Debrot et al., in press). 
2.3.2 Ginglymostomatidae (Nurse sharks) 
Nurse shark, Ginglymostoma cirratum (Bonaterre 1778) 
The docile nurse shark is about the most abundant and well-studied of tropical sharks. It is found in 
tropical to subtropical waters of the Western and Eastern Atlantic and the Western Pacific. The nurse 
shark is principally a near-shore, shallow-water species common to seagrass beds, mangrove habitat and 
reefs, and also enters brackish water. It is an opportunistic predator taking a variety of fish and shellfish 
(Castro, 2000) and is equipped with barbels to help detect benthic prey. It is known to use shallow 
habitats as nursery and breeding grounds (Carrier and Pratt, 1998) and large aggregations have been 
documented (Castro 2000). Females produce a brood every two years. For Florida and the Bahamas 
reproduction peaks in June and July. Brood size in this ovoviviparous species ranges from about 20-50 
offspring. According to Castro (2000) older references have a great deal of misinformation about the 
species, and he has pointed these out. In extensive studies from Florida and the Bahamas the maximum 
size recorded was 265 cm total length. Maximum life span documented is 25 years. The species has been 
widely used for its liver oil, hides and meat (Castro, 2000), but today it is the main species recorded 
during recreational dives throughout the region. The species is relatively common in the Dutch Caribbean 
except where fishing activity is highest. There, the species is principally considered a nuisance-species by 
fishermen (Van Beek et al., 2013). Due to its shallow-water habits and high site fidelity it is extremely 
vulnerable to gears such as coastal gillnets, long lines and spearfishing, and is prone to local extirpation. 
It has been extirpated from its southernmost range in the Western Atlantic and is actively targeted in 
various areas of the Caribbean. It is listed by IUCN as data deficient (Rosa et al., 2006a). In the Saba 
Bank lobster trap fishery nurse sharks were commonly caught according to fisheries assessments in 2000 
and 2007 and used as bait rather than being landed or marketed (Dilrosun, 2000; Toller and Lundvall, 
2008). The current fisheries monitoring program on Saba reports incidental bycatch of nurse sharks, 
some of which are recorded as landed and all of which are discarded alive during on-board discard 
monitoring (Van Beek et al. 2013). The fishery monitoring of the St. Eustatius lobster trap fishery 
reported nurse sharks represent less than 1% of the annual landings in numbers and 2% (2013) to 13% 
(2012) in weight (Poiesz, 2014). 
The abundance of this species on the Saba Bank, the species’ tendencies towards relatively small home 
ranges make the Saba Bank a potentially good locality for detailed study of the species’ life history.  
2.3.3 Carcharhinidae (Requiem sharks) 
Caribbean reef shark, Carcharinhus perezi (Poey, 1876) 
After the nurse shark, the Caribbean reef shark is often the second-most common shark on Caribbean 
coral reefs (Pikitch et al., 2005). Notwithstanding its abundance it is one of the least studied species. 
Densities of adults of this species in Belize were high on the reef, while small juveniles used the shallow 
reef and deep lagoon (Pikitch et al. 2005). These habitats are of great importance as nursery habitat in 
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different areas of the Western Atlantic (e.g. Garla et al., 2006b) but are only visited by adults for short 
periods. In the nursery lagoons juveniles are highly vulnerable to longlining (Tavares 2009). The species 
is viviparous (Dulvy and Reynolds, 1997) and matures at between 150-170 cm. Maximum size is 295 
cm. The species shows high site fidelity on the reef (Garla et al., 2006a, Bond et al., 2012). Chapman et 
al. (2007) document diving to depths of 356 m for this roving piscivorous species and suggest that it 
may be important ecological coupler of deep and shallow reef systems. It has very low fecundity with 3-6 
offspring per litter and one litter every two years. Because of this in combination with high vulnerability 
to fishing and local extirpation, the species is listed as Near Threatened by IUCN (Rosa et al., 2006b).  
 
Blacktip shark, Carcharhinus limbatus (Müller & Henle, 1839) 
This circumtropical and subtropical coastal species shows a major population division within the Atlantic 
Ocean but not in the Pacific (Keeney and Heist, 2006). In the Western Atlantic the South American and 
North Western Atlantic populations are also distinct management units (Sodré et al., 2012). In the Los 
Roques archipelago of Venezuela the species forms an important part of the shark catch and uses atoll 
and coastal lagoons as nursery habitat (Tavares, 2008). In the nursery lagoons juveniles are highly 
vulnerable to longlining (Tavares, 2009). The main birthing season in Venezuela is June-August. The diet 
consists principally of teleost fishes, especially clupeids (Tavares, 2008; Hoffmayer and Parsons, 2003). 
The nursery function is likely important as juveniles suffer the highest mortalities in the first 15 months 
of Life (Heupel and Simpfendorfer, 2002). However, adults of this migratory species are uncommon in 
nearshore fisheries (Tavares, 2008) but are widely impacted by offshore longline fisheries (Tavares, 
2008). Due to its vulnerability to fishing and its dependence on near shore nurseries, this species is 
vulnerable to human degradation and alteration, the species is listed as Near threatened by IUCN 
(Burgess and Branstetter, 2009). 
 
Lemon shark, Negaprion brevirostris (Poey, 1868) 
The lemon shark is a large coastal shark species attaining a maximum size of some 3.4 m in length. Its 
principal area of distribution is the central Western Atlantic with relict populations occurring in the 
Eastern Pacific and along the East African coast (Feldheim et al. 2001). The lemon shark has been best 
studied Bimini, the Bahamas, starting from about 1995 when a large annual tagging program was begun. 
Reproduction is once every two years with litters of 4-18 pups (Feldheim et al., 2002). There is no 
parental care and juveniles forage independently in shallow inshore nursery areas. Juveniles are highly 
site attached for at least three years with home ranges of no more than a few 100 square meters 
(Morrissey and Gruber, 1993). In contrast to shallow continental shelf habitats where this species is 
often a dominant species, at atoll and island situations in the Caribbean this species is often one of the 
less abundant coastal shark species. For instance Pikitch et al. (2005) found the lemon shark to 
represent less than 1% of all elasmobranchs recorded at Glover Reef Atoll in Belize, whereas the two 
most abundant species were the nurse shark and Caribbean reef shark. In the Eastern Caribbean 
commercial shark fisheries the species also only forms a small part of the catch (Chan A Shing, 1999). 
Even though the shark is a shallow water species and therefore possibly of local isolated populations, 
Feldheim et al. (2010) studied DNA microsatellite variation and found high levels of uniformity between 
wide-flung areas of distribution of this species in the Western Atlantic. From this the authors concluded 
that there was sufficient gene flow and consequently no distinct stocks in the western Atlantic. Because 
of the species dependence on shallow coastal habitat it is also vulnerable to habitat destruction due to 
coastal development (Jennings et al., 2008). 
 
Bull shark, Carcharhinus leucas (J. P. Müller and Henle, 1839) 
The Bull shark is a large coastal shark known to migrate long distances (Karl et al. 2011). Nevertheless, 
localized depletions in abundance and high site fidelity of of juveniles and females (Hammerschlag et al., 
2012a) to nursery areas suggest that some genetic stock differentiation may occur. Karl et al. (2011) 
studies genetic differentiation in the Western Atlantic and demonstrated significant differentiation 
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between Brazilian and North Atlantic populations. This means that in contrast to for instance the similarly 
ranging Lemon shark, the Bull shark does show differentiation and should be considered as being 
composed of more than one management unit in the Western Atlantic. The stock size for the North 
Atlantic is estimated to be 221,000 individuals (Karl et al., 2011). The species appears vulnerable to 
shark fisheries and Heithaus et al. (2007a) demonstrated large long-term declines in abundance in 
certain areas of the Gulf of Mexico More recently Froeschke et al. (2013) found indications of increasing 
abundance and size of bull sharks off the Texas coast and ascribe this to the federal management of 
coastal gillnet fisheries in Louisiana that began in 1995 as part of a large shark management effort 
directed to 10 shark species (SEDAR, 2006). Likewise, following initial decades-long declines between 
60-80% for various coastal shark species, Carlson et al. (2012) found reason for optimism in the 
apparent increase in abundance of this and several other species of sharks which have been managed 
federally in the USA since 1995. The habit of aggregating in fresh and brackish water inshore areas, to 
which the bull shark is uniquely adapted, makes it especially vulnerable to local extirpation. The species 
is known from the Venezuelan long-line fishery that takes place directly east of the Dutch Caribbean but 
is relatively uncommon (Arocha et al., 2002). 
 
Tiger shark, Galeocerdo cuvier (Péron & Lesueur, 1822) 
This circumglobal species of tropical and warm temperate oceans is found in wide diversity of habitats 
and with migratory habits moving north in summer and south into the Caribbean in winter (Randall, 
1992). Within the Caribbean the species is also known to move great distances. For instance, one animal 
tagged in 1967 in Puerto Rico was recaptured off Venezuela 890 km to the south, after a period of 5 
months (Randall, 1992). Tiger sharks are known to feed on a wide range of prey and carrion and are 
notorious for predation on seaturtles (Heithaus et al., 2002). Heithaus et al. (2002) further point to the 
preference of this species for hunting in shallow water, where it relies on stealth for surprize attacks on 
unsuspecting prey. It has been documented to depths of 350 m (Simpfendorfer, 2009). Males and 
females mature at well over 2 m in length (Randall 1992) and maximum sizes exceed 5 m in length 
(Simpfendorfer, 2009). The tiger shark is the only member of the Carcharhinidae that is ovoviviparous 
and also produces unusually large litters ranging in size from 10-80 offspring. The gestation period is 13-
16 months and mating takes place in spring in the Northern Hemisphere (Randall, 1992). Tiger sharks 
are taken in many fisheries, particularly longline fisheries operating on or close to continental shelves 
(Simpfendorfer, 2009). The species has been targeted heavily in the past and has demonstrably declined 
in many areas. Consequently the IUCN classifies it as Near Threatened (Simpfendorfer, 2009). It is a 
relatively common large species of open waters in the Dutch Caribbean and is regularly seen and 
encountered on the Saba bank (Van Beek et al., 2013). 
 
Oceanic White Tip Shark, Carcharhinus longimanus (Poey, 1861) 
The oceanic white tip shark has some features that make it well recognizable  within the Carcharhinidae 
family. It has a large first dorsal fin and very long and wide, elongated paddle-like pectoral fins which 
have distinctive rounded tips.  All the fins, including pelvic and caudal fins, have whitish tips. Historically 
the oceanic white tip shark has had a world-wide distribution throughout tropical and subtropical waters, 
occurring in waters between 18°C and 28°C but with a preference for temperatures above 21°C. 
However due to increased fishing pressure abundance of this species has been estimated to have 
declined with over 70% (Baum et al., 2006). It’s usually found in deep water areas (>200m depth) but 
has also been reported in shallow areas near land, usually near oceanic islands. In open water it swims 
relatively slow near the water surface with pectoral fins spread widely. Tagging studies indicate that 
activity patterns do not alter during night-time hours. Average length for oceanic white tip sharks is 3 
meters but individuals can grow up to 3,5 to 4 meters length with females reaching a greater maximum 
length than males. Males mature at 1.7-1.9 m in length while females mature at slightly longer sizes of 
1.8-2.0 m, both corresponding to an age of 6 or 7 years. The longest-lived known specimen lived to an 
age of 22 years. It is an viviparous shark and embryos have a yolk sac placenta that attaches to the 
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uterine wall of the mother. Pups are born after a yearlong gestation period at a length of 60 to 65cm. 
Litter size is can vary from 1 to 15 pups and is proportional to the size of the mother (large females have 
more of offspring). The food of the oceanic white tip shark consists of bony fish, sea turtles, sea birds, 
squid, crustaceans and mammalian carrion. Although this shark is primarily solitary, it has been 
observed in "feeding frenzies" when an abundant food source is present (Baum et al., 2006, FLMNH, 
2013a). 
 
Silky shark, Carcharhinus falciformis (J. P. Müller & Henle, 1839) 
Silky shark is a large pelagic shark and grows up to 3,4 m in length. This species is found worldwide in 
tropical and subtropical seas and have experienced some of  the largest declines due to overfishing 
(Baum and Meyers, 2004), particularly due to pelagic tuna and swordfish longline fisheries (e.g. 
Sanches-de Ita et al., 2011), but is also often a large part of coastal artisanal fish catches (Hall et al., 
2012). Even though known as a fully pelagic shark, it appears most common in deep waters of 
continental or insular shelf edges (Clarke et al., 2011). In the Red sea Clarke et al. (2011) have found 
persistent site fidelity of adult and near-adult females aggregating near coastal reefs. Due to its largely 
pelagic habits, it has largely remained overlooked by science and practically nothing is known about its 
biology. Size of maturation exceeds 2 m in length for both males and females and average age of 
maturation for males and females are 13 and 15 years respectively. With 2 to 14 offspring per litter, in 
Indonesian waters reproduction appears to occur year-round (Hall et al. 2012). In subtropical areas, like 
the Gulf of California, age of maturation may be much lower (Sanchez-de Ita et al., 2011). The species is 
known from the Venezuelan longline fishery that takes place directly east of the Dutch Caribbean but is 
relatively uncommon (Arocha et al., 2002). Watson et al. (2008) have shown that if properly selected, 
the use of a series of relatively small fishery closure areas could greatly reduce bycatch of this species in 
the tuna fishery while having little effect on tuna catches. 
 
Blue Shark, Prionace glauca (Linnaeus, 1758) 
The blue shark is a slender shark with a distinctive dark blue dorsal surface, bright blue side and a white 
ventral surface. This counter-shading works as camouflage in the open ocean. A further identifying 
feature is it’s exceptionally long, pointy pectoral fins. It is one of the most widely distributed shark 
species living throughout tropical and temperate seas. Blue sharks are pelagic fish living in the open 
ocean and occurring form the surface to 350m depth. They tend to prefer cooler water (7-16°C), but 
tolerate warmer water. In the tropics they seek out deeper water with cooler temperatures. Blue Sharks 
are highly migratory with complex movement patterns and spatial structure related to reproduction and 
the distribution of prey. Blue sharks are known for their high fecundity, for elasmobranch fishes, with an 
average litter of 35pups and a gestation period of 9-12 months. Litter size is dependent on size (and 
age) of the mother with litters up to 135pups being reported from large females. They are viviparous, 
which means they give birth to live young that have hatched from eggs internally. After hatching the 
young are nourished by a placental yolk sack until they are fully developed. Males reach sexual maturity 
at 4-6 years at a length ranging from 182 to 218cm, Females mature later, at 5-7 years old not 
becoming fully mature until they are 220cm long (although pregnancy in sub-adult females has been 
recorded). They can live up to 20 years. Blue sharks feed mainly on small bony fishes and invertebrates, 
but are known as opportunistic feeders feeding from gill nets and scavenging dead marine mammals. 
(Stevens, 2009; FLMNH, 2013 d). 
2.3.4 Sphyrnidae (Hammerhead sharks) 
Smooth hammerhead, Sphyrna zygaena (Linnaeus 1758) 
The smooth hammerhead is a cosmopolitan pelagic hammerhead found from inshore to offshore pelagic 
waters (Compagno, 1984). While Cortés et al. (2010) did an ecological risk assessment for a number of 
pelagic sharks and identified the smooth hammerhead (Sphyrna zygaena) as likely to be less vulnerable 
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to pelagic long-line fisheries due to its relatively high fecundity, they also pointed out the lack of good 
biological data on the species. Even though this species is among the most caught in longline fisheries it 
has been very little studied (Coelho et al., 2011). Maximum size for males and females was calculated as 
272 and 285 cm, respectively. Neritic cephalopods, particularly loliginids, constitute an important part of 
the diet of the smooth hammerhead of the east coast of Africa (Smale and Cliff, 1998).  
 
Scalloped hammerhead/Carolina hammerhead, Sphyrna lewini (Griffith & Smith, 1834), 
Sphyrna gilberti, spec. nov. (Quattro et al. 2013). 
This semi-oceanic species is found throughout tropical and temperate seas (Compagno, 1984). 
Notwithstanding its common occurrence in the pelagic environment, the species depends on shallow 
coastal areas for pupping and as nursery habitat (Daly-Engel et al., 2012). Whereas females appear to 
be more site-bound, gene-flow is largely due to extensive pelagic movement by males (Daly-Engel et al., 
2012). Because of its distribution it forms a major component of coastal and pelagic commercial shark 
catches. It has been known that this species probably consists of a number of highly related cryptic 
species (Pinhal et al., 2012) and a sibling species S. gilberti has just been described for the Western 
Atlantic (Quattro et al., 2013). S. gilberti can only be distinguished from S. lewini based on the number 
of vertebrae. Because of cryptic lineages, the biology and distribution of these related species is poorly 
understood and highly uncertain. Hazin et al. (2001) studied the reproductive biology of S. lewini off 
northeastern Brazil. Based on this size of sexual maturity for females was determined to be about 2.40 m 
and for males 1.80-2.00 m. Female fecundity was between 2 and 21 offspring. Chan A Shing (1999) 
reported the species as a frequent component of the commercial shark landings for both Trinidad and 
Tobago and Guyana, which is also the case in the Caribbean in general (Bonfil, 1997). Hayes et al. 
(2009) conducted a recent stock assessment on the scalloped hammerhead stocks of the Western North 
Atlantic and Gulf of Mexico and concluded that in 2005 the stock had been depleted by about 83% from 
virgin stock levels. While from 1996 to 2005 there was some recovery due to a reduction of fishing 
pressure, the chance of recovering by 2015 was about 60% if catch levels were maintained at the 2005 
level. Cortes et al. (2010) conducted ecological risk assessments for several pelagic sharks and identified 
the scalloped hammerhead as likely to be less vulnerable to pelagic long-line fisheries than other pelagic 
species (such as the bigeye thresher Alopias superciliosus). So even though the resilience of this shark is 
limited by its long lifecycle and low fecundity, the implementation of catch restrictions can yield results.  
 
Great hammerhead, S. mokarran (Rüppell, 1837) 
This is a widely distributed and easility recognized tropical continental shelf shark species (Denham et 
al., 2007). Maximum size is 5-6 m but adults of 4 m are commonly reported. Males mature at a slightly 
smaller size (2.3 m) than females, whereas females typically grow larger than males. Females breed 
once every two years and 6-42 pups are born late spring to summer in the northern Hemisphere. High 
bycatch mortality and low reproduction make the species very vulnerable to overfishing. It is nowhere 
abundant and is believed to have been reduced in abundance by 80% in the last 25 years (Denham et al. 
2007). In the Caribbean it forms only a small part of the commercial shark catch and catch statistics are 
largely lacking. Due to its scarcity, very little is known about its life history (Denham et al. 2007). It is 
regarded as an endangered species by the IUCN. The species is a common species caught by the 
Venezuelan long-line fishery that takes place directly east of the Dutch Caribbean (Arocha et al., 2002). 
 
Bonnethead shark, S. tiburo (Linnaeus, 1758) 
The Bonnethead shark is a small coastal shark growing to about 150 cm in total length. It is found only 
along the American continents and is typical of shallow muddy, estuarine and sea grass habitat (Ubeda 
et al., 2009). The species has been relatively well-studied (Cortes et al., 1996, Cortes and Parsons, 
1996,  Bethea et al., 2007, Froeschke et al., 2010). The species is placentally viviparous and reproduces 
annually with an average litter size of 9. Due to its high reproductive capacity it is capable of 
withstanding relatively high fishing levels (Cortes, 2005). In oceanic island settings it is rare and also 
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uncommon in the Dutch Caribbean. However, in the continental areas of the Caribbean it forms a key 
component of the commercial shark catch (Chan A Shing, 1999). 
2.3.5 Cetorhinidae (Basking sharks) 
Basking shark, Cetorhinus maximus (Gunnerus, 1765) 
The basking shark is from the lamniform shark family Cetorhinidae, the world’s second largest fish and 
one of four types of large filter-feeding elasmobranchs (Sims 2008). Maximum documented size is about 
9.8 m (Compagno, 1984). Other common names have been: Squalus maximus, Halsydrus pontoppidani, 
Halsydrus maximus, and Selache elephas. For the Dutch Caribbean the first record is from a stranding on 
Aruba in March 1973 (Carmabi, 1974), and the second based on a single fish observed north of Curacao 
during aerial cetacean surveys in early November 2013 (Geelhoed et al., in prep).  
The species has been extensively hunted in the past for its liver oil and is now considered highly 
endangered. Collapsed stocks hardly show any recuperation even after 50 years. The species is 
circumglobal but most records are for boreal and warm temperate waters (Compagno, 1984). The 
species seems least abundant in the tropics. Pregnant females are very rare and the species also has 
very low fecundity. The species is highly migratory with low genetic diversity (Hoelzel et al. 2006) and is 
believed to overwinter in offshore deep waters. Skomal et al. (2009) tracked six basking sharks 
migrating during winter from Newfoundland into and beyond the Caribbean, five animals of which 
travelled more than 2400 km. A number of these sharks came by the Bahamas, Cuba, Jamaica, the 
Dominican Republic, the Puerto Rico trench, the Lesser Antilles, Barbados, Venezuela, the Guyana’s and 
Brazil (Skomal et al., 2009). Several animals remained at depths of 250-1000 m for five months or more 
(Skomal et al., 2009).  
These new findings suggest that records for the Caribbean which have remained sparse, should be more 
common. Past records have been documented for the Florida east coast (Choy and Adams, 1995) and 
Cuba (Claro and Parenti, 2001) while new recent records have been established for the Gulf of Mexico 
side of Florida, USA (Hoffmayer et al., 2011). For Colombia, the species is so far known only from the 
Pacific side (Rubio, 1987, Mejía-Falla et al., 2007). The records established for the Dutch Caribbean 
suggest that the species may be more abundant than previously believed and may use the deep cold 
waters of the region for overwintering. 
2.3.6 Lamnidae (Mackerel sharks) 
Shortfin Mako, Isurus oxyrinchus (Rafinesque, 1810) 
The shortfin mako is the fastest shark species, reaching speeds of over 30km/hr and leaping high above 
to water when catching prey. Its extremely hydrodynamic body shape is one of the reason it can reach 
such speed the other is its ability to elevate its body temperature by the use of a highly-developed 
network of blood vessels that retain the heat produced by their muscles, trapping heat inside its body.  
The dorsal side is dark blue to purple and the ventral side is white with a clear line of demarcation 
separating the two. The underside of the snout and the area around the mouth are white, this helps 
differentiate the shortfin from the longfin mako, which has a darkly pigmented mouth region. It is a fully 
pelagic shark living in tropical and subtropical waters swimming from the surface to 500m depth. It will 
only come close inshore in places where the continental shelf is narrow generally not visiting waters with 
temperatures below 16°C. Tag and release studies have shown these sharks to migrate to warm waters 
in the winter months. The reproductive cycle of shortfin mako sharks last three years with litter size 
ranging from 8-10 pups. Young are hatched from eggs with the uterus (oviviparous) where they feed on 
unfertilized or undeveloped eggs (oophagy) until they are born at a length of 70cm. Males are able to 
reproduce at an age of 8 years females not until they reach 18 years of age, average adult size is 3,2m 
(Bernal et al., 2001, Cailliet et al., 2009, FLMNH 2013c).  
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2.3.7 Alopiidae (Thresher sharks) 
Thresher shark, Alopias vulpinus (Bonnaterre, 1788) 
This shark of both oceanic and coastal waters is essentially circumglobal from tropical to cold-temperate 
waters but is most common in temperate waters where migration is common and segregation by depth 
and sex is common (Compagno, 1984). Maximum size exceeds 5.7 m and its diet is largely schooling 
fish. The species is ovoviviparous, has typical litter sizes of 2-4 pups and uses shallow warm-temperate 
shallow bays as nursery areas. Age of maturation is between 3 and 8 years and maximum age is 
estimated to be 45-50 years (Compagno, 1984). The conservation status of this shark is poorly known 
but it occurs in areas of heavy fishing and has limited rebound potential. It is highly prized as a food fish 
and sought after by sport fishermen. The species is caught by the Venezuelan longline fishery that takes 
place directly east of the Dutch Caribbean but is relatively uncommon (Arocha et al., 2002). Cortes et al. 
(2010) identified this shark as among the least vulnerable to pelagic long-line fisheries.  
 
Bigeye thresher shark, Alopias superciliosus (Lowe, 1841) 
The Bigeye thresher shark is found worldwide in tropical and temperate oceanic and coastal waters 
(Compagno, 1984). The species is known to migrate vertically on a diel basis, moving up to less than 
100 m depths at night from daytime depths of between 400-600 m (Nakano et al., 2003). An extremely 
low litter size of 2 pups per litter means the species has a very low reproductive capacity and the lowest 
known intrinsic rate of increase of all elasmobranchs. It is a common bycatch in the pelagic longline 
fishery, where it is typically discarded, and very little is known about its biology (Fernandez-Carvalho et 
al., 2001). Gruber and Compagno (1981) summarized available information largely based on museum 
specimens but the only extensive study on age and growth was done in Taiwanese waters (Liu et al., 
1999). Consequently, the IUCN has identified the species as one of the pelagic sharks most in need of 
additional biological data. It is classified as vulnerable due to worldwide declining populations (IUCN 
2013). The species is an important part of the commercial long-line catch in the western North Atlantic 
(Simpfendorfer et al., 2002) and is found occasionally in the Caribbean but does not form an important 
part of the commercial shark catches in the region (Chan A Shing, 1999). The species is caught by the 
Venezuelan longline fishery that takes place directly east of the Dutch Caribbean but is relatively 
uncommon (Arocha et al., 2002). 
2.3.8 Hexanchidae (Six- and Sevengill sharks) 
The large size, high trophic level and wide distribution and preferred depth-zone make Hexanchiform 
sharks apex predators of deep-water benthic ecosystems. These are considered to be among the most 
primitive of modern sharks and are distinguished by having a single dorsal fin, an anal fin and six to 
seven gill slits (Barnett et al., 2012). Two species occur in the Caribbean. 
 
Bigeyed sixgill shark, Hexanchus nakamurai (Teng 1962) 
This is the smallest of the two hexanchid sharks known from the Caribbean and has been confirmed as 
bycatch from deep-water snapper fisheries from Curacao (Van Beek et al., 2013). It grows to a 
maximum of about 180 cm and is found in depths from 60 to 620 m. It has a patchy circumtropical to 
subtropical distribution and is also taken as bycatch of snapper fisheries elsewhere in the Caribbean 
(Barnett et al., 2012). The limited data available suggests that the species specializes on teleost prey. 
With a smaller geographic distribution, smaller size, smaller depth range, and narrower food nich breadth 
this species appears to be much more specialistic than its sympatric congener H. griseus. The IUCN lists 
it as data-deficient (Barnett et al., 2012). In the US commercial and recreational shark fisheries of the 
Atlantic the species is illegal to land (Cortés, 2002). 
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Bluntnose sixgill shark, Hexanchus griseus (Bonnaterre 1788) 
This species has a relatively short blunt mouth, a smaller eye and a short dorsal to caudal distance 
compared to its only congener the smaller H. nakamurai. Maximum size is almost 5 m. The species is 
found from depths down to 2500 m. This species shows wide food habits, known to take carrion, fish and 
shell fish. Very little is known about the ecology of the species but it is known to show both seasonal and 
ontogenetic differences in movement pattern. But the species does not appear to migrate over very long 
distances Andrews et al., 2010). The species has been reported as bycatch from long-lines in Venezuelan 
waters (Arocha et al., 2002). In the US commercial and recreational shark fisheries of the Atlantic this 
sixgill shark species is illegal to land (Cortés, 2002). The species has a worldwide distribution, but based 
on its life history habits is considered Near Threatened (NT) by the IUCN.  
2.3.9 Pristidae (Sawfishes) 
Smalltooth Sawfish, Pristis pectinata (Latham 1794) 
Sawfish are one of the most readily recognizable species of fish with the rostrum (‘saw’), which can be 
up to a quarter of the total body length, as its most distinctive feature. The saw is used to slash through 
shoals of fish, impaling them on the teeth or to stir up the ocean floor to disturb prey animals. The 
smalltooth sawfish has an olive green color with a wide ventral side, as it is a ray species the gill slits are 
located  on the ventral side of the body. Smalltooth sawfish are only found in shallow, tropical water of 
the Americas. They formerly had a wide distribution but due to habitat destruction and overfishing there 
are only two confirmed populations left in the Bahamas and Florida. Two records have been reported 
from the Leeward Dutch Caribbean (only Curacao) (Van Beek et al. 2013). This species prefers murky 
waters in estuaries and mangroves, living in water as shallow as 1 m depth. Very little is known about 
the reproductive cycle op smalltooth sawfish. They are an ovoviviparous species, hatch eggs internally. 
With 15-20 pups are born in a biyearly cycle. Adult sawfish can grow up to 7m length (including rostrum) 
with females being larger than males. Females do not mature before reachon 4m length (estimated at 
10-12 years old) males mature around 3.70m (estimated at 7-8 years old) (Carlson et al., 2013, FLMNH 
2013b). 
2.3.10  Dasyatidae (Stingrays) 
Spotted eagle ray, Aetobatus narinari (Euphrasen 1790) 
The spotted eagle ray is distributed worldwide in tropical and warm temperate waters. In the western 
Atlantic Ocean, it is found in waters off North Carolina and Florida (U.S.), Gulf of Mexico, Caribbean and 
Bermuda south to Brazil. This ray can be found from Mauritania to Angola in the eastern Atlantic Ocean. 
In the Indo-West Pacific, it occurs in the Red Sea and from South Africa to Hawaii, including north to 
Japan and south to Australia. The spotted eagle ray also resides in the waters of the eastern Pacific 
Ocean from the Gulf of California south to Puerto Pizarro, Peru, including the Galapagos Islands 
(Ecuador). 
The spotted eagle ray is commonly observed in bays and over coral reefs as well as the occasional foray 
into estuarine habitats. Although it occurs in inshore waters to depths of approximately 200 feet (60 m), 
the spotted eagle ray spends most of its time swimming in schools in open water. In open waters, 
spotted eagle rays often form large schools and swim close to the surface. It is known to swim long 
distances across open waters as evidenced by its presence in Bermuda. This species is capable of leaping 
completely out of the water when pursued. It swims by "flying" gracefully through the water via the 
undulation of the pectoral fins. When this ray is caught and taken out of the water, it produces loud 
sounds. Although much research is still needed on the life history of the spotted eagle ray, it is known 
that this species shows high site fidelity (individuals often stay in or return to the same location). This 
ray also interacts socially with other individuals within its own species.  
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The spotted eagle ray reaches a maximum length of 8.2 feet (2.5 m) not including the tail, with the total 
length including an unbroken tail reaching close to 16.4 feet (5 m). The maximum disc width is 9.8 feet 
(3 m) and maximum published weight is 507 pounds (230 kg).  
Clams, oysters, shrimp, octopus, squid and sea urchins as well as bony fishes provide prey for the 
spotted eagle ray. This ray is well adapted with its shovel-shaped snout and duck-like bill for searching in 
the mud for benthic invertebrates. When a prey item is found, the ray crushes it with its plate-like teeth 
and uses the papillae located in the mouth to separate the shells from the flesh. Upon scientific 
observation, the stomach contents of spotted eagle rays contained intact prey items lacking any 
remnants of shells.  
Mating behaviour often includes the pursuit of a female by one or more males. These males grab her 
dorsum with their upper tooth plate. One male then grasps the edge of the female's pectoral fin and rolls 
to her ventral side. The male then inserts a clasper into the female ray. The actual mating lasts 30-90 
seconds while the pair are positioned venter-to-venter. Females have been observed to mate in this 
manner with up to four males over a short time period. 
Spotted eagle rays are ovoviviparous meaning the eggs develop inside the body and hatch within the 
mother. After being released from the egg, the embryos are nourished by a yolk sac rather than through 
a placental connection with the mother. Up to 4 pups are born in each litter, each measuring 6.7-13.8 
inches (17-35 cm) disc width. 
The spotted eagle ray is considered of minor commercial fisheries importance. Presently, fishing grounds 
are primarily found within inshore surface waters throughout this species range. Methods of capture 
include trawls, trammelnets, and longlines. It is also fished as a gamefish and provides a good fight 
when captured on a line. This ray is rarely eaten due to the poor quality of the flesh. Instead, it is used 
for fishmeal and oil. The spotted eagle ray is a popular display aquarium specimen and is often seen in 
public aquaria facilities3.  
 
Southern stingray, Dasyatis americana (Hildebrand and Schroeder 1928) 
This stingray is a bottom dwelling animal which continuously searches for prey mostly at night but also 
during the day. This species has been observed alone, in pairs or in large schooling groups. This stingray 
is non-aggressive, burying itself in the sand for camouflage and using its tail barb when threatened. It 
grazes slowly along the ocean floor relying on electro-reception in addition to a strong sense of smell and 
touch. It feeds on epibenthic prey such as crustaceans, mollusks, annelids, and small teleosts.  
This is a coastal and estuarine species which lives in the tropical and subtropical waters of the Western 
Atlantic Ocean. It occurs from New Jersey to southern Brazil including the Gulf of Mexico and Caribbean. 
The species is most abundant around Florida and the Bahamas. This stingray prefers areas of sandy 
bottoms, sea grass beds, and lagoons. 
The conservation status of this stingray is unknown due to being "Data Deficient" according to the World 
Conservation Union (IUCN), a global union of states, governmental agencies, and non-governmental 
organizations in a partnership that assesses the conservation status of species.  
The Southern stingray is crucial to many coastal and island economies relying heavily upon ecotourism.  
Research is being conducted by the biomedical and neurobiological industries on the venomous 
component of the barb and its possible use in applications within these fields. The stingray has a 
brown/olive/grey dorsal surface with a mostly white ventral surface.  Lifespan is 18 years4. 
D. americana is preyed on by many species of sharks and other large fishes. 
The southern stingray reaches a maximum disc width of 79 inches (200cm) and weight of 214 lbs (97 
kg). Little is known about its average life span and growth rate. Males become sexually mature at 20 
                                                 
 
3 Source for this species: http://www.flmnh.ufl.edu/fish/Gallery/Descript/SERay/SERay.html 
4 Source for this species in the above section: http://www.auduboninstitute.org/animals/gulf-mexico-
exhibit/southern-stingray-3031 
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inches (51cm) disc width (DW), while females mature at 29.5-31.5 inches (75-80cm) DW. A captive 
study has indicated a biannual reproductive cycle, however, this is still under investigation. Development 
of D. americana occurs through aplacental viviparity. The embryo subsists on a yolk sac for nourishment 
early in development. When the yolk sac is absorbed, nourishment is provided through uterine milk from 
maternal secretions rather than via a placenta. Gestation takes 4-11 months and litter sizes range from 
2-10 pups, with an average of 4 pups per litter. There is a direct correlation between litter size and size 
of the female. Pup size in captivity ranges from approximately 7.9 to 13.4 inches (20-34 cm) DW and 
weight varies from 0.6 to 2.5 lbs (282-1128 g). The pups have long, slender tails and broad wing-like 
pectoral fins at birth5. 
2.3.11  Manta rays (Myliobatidae) 
Giant manta ray, Manta birostris (Walbaum 1792) 
The manta inhabits temperate, tropical, and subtropical waters worldwide, between 35° N and 35° S 
latitudes. In the western Atlantic Ocean, this includes South Carolina (US) south to Brazil and Bermuda. 
Occasionally this ray is observed as far north as New Jersey and San Diego. Other locations include the 
east coast of Africa, in the Gulf of Aden, Red Sea, Arabian Sea, the Bay of Bengal, as well as the Indo-
Pacific. 
Habitat of M. birostris ranges from near shore to pelagic, occurring over the continental shelf near reef 
habitats and offshore islands. It swims by flapping its large pectoral fins, and is usually observed near 
the surface or in the mid-waters of reefs and lagoons. It sometimes migrates into temperate waters. 
M. birostris sometimes swim in loose aggregations and spends considerable time near the surface. 
Mantas have been observed breaching, jumping clear of the water and returning with a splash. Three 
types of jumps have been observed, forward jumps landing head first, forward jumps landing tail first, 
and somersaulting. Groups of these animals have been seen participating in this behaviour, breaching 
one after the other. While it is not understood why this behaviour is exhibited, some speculate it may 
play a role in attracting mates or is a form of play. 
This ray can achieve a maximum disc width of 29.5 feet (9 m), with an average width of about 22 feet 
(6.7m). The largest specimens of the manta weigh up to 3,000 pounds (1350 kg). Estimated life span for 
these giants is approximately 20 years.  
All mobulids are primarily filter feeders that occasionally consume small fish. The filtering mechanism 
consists of plates of pinkish-brown sponge-like tissue located between the successive gill bars that 
support the gills. When feeding, the cephalic lobs unfurl, directing plankton-rich water towards the 
mouth. Many have opportunistic remoras attached to their undersides, consuming scraps that result from 
feeding. Mantas have been observed swimming in slow vertical loops within rich feeding areas. They 
aggregate in areas that offer large concentrations of zooplankton, with up to 50 individuals within an 
area. Oceanic islands and submarine ridges provide precious few sites containing nutrient-rich waters 
and an abundance of zooplankton, in the otherwise nutrient poor tropical regions. 
Males reach maturity at a disc width of at least 13 feet (4 meters) while females mature at a disc width 
of 16.5 feet (5 meters). During copulation male rays bite the pectoral fins of the females before aligning 
themselves, abdomen to abdomen, inserting one clasper into the female’s cloaca. Manta rays reproduce 
by ovoviviparity with the birth of one pup during a breeding season. Embryos have been shown to reach 
50 inches in disc width and weigh 20 lbs. or more. Parturition occurs in relatively shallow water where 
the young remain for a few years prior to expanding their range offshore. 
Due to their size, the only predators of the manta ray are large sharks. 
M. birostris has been harvested in tropical America. The manta ray was formerly harvested commercially 
off Australia and California waters for its liver oil and for its skin which is used as an abrasive. Today it is 
                                                 
 
5 Source for this species in the above section: Henningsen (2000) and 
http://www.flmnh.ufl.edu/fish/Gallery/Descript/southernstingray/southernstingray.html] 
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rarely hunted, although meat from the manta ray is considered a delicacy in the Philippines. Dive tourism 
has benefited greatly from the manta in locations where they are reliably encountered and sometimes 
approach divers. In these areas, where divers often touch and interact with mantas, the rays can 
develop skin lesions in response to the removal of the protective mucous layer6. 
                                                 
 
6 Source for this species: http://www.flmnh.ufl.edu/fish/Gallery/Descript/mantaray/mantaray.html 
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3 Threats 
The main threats to marine biodiversity in general are over-harvesting, pollution and climate change, 
and sharks are particularly susceptible to extinction (Field et al. 2009). Field et al. (2009) have recently 
reviewed the various threats facing sharks. The most serious threat worldwide which has driven most 
declines of shark biodiversity is direct fishing. In this respect mixed-species fisheries, by-catch (Musick et 
al., 2000), illegal fishing and unreported fishing are additional concerns (Field et al., 2009). The recent 
documentation of the dependence of many shark species on near-shore habitats during part of their life 
cycle (as breeding and nursery habitat in particular) highlights their vulnerability to coastal habitat 
alteration and destruction through land-based activities by man (e.g. Jennings et al., 2008). The effects 
of pollution and invasive species on sharks are too poorly understood as yet to predict their impact on 
shark species survival. Risk for extinction in sharks correlates positively with body size and negatively 
with geographic distribution (Field et al., 2009). The large size and low fecundity of sharks compared to 
fishes makes that 52% of sharks are IUCN Red-listed as opposed to only 8% of marine fishes. Sharks are 
vulnerable to fishing mortality as they are unable to respond by increasing fecundity and reducing size at 
maturity (Ferretti et al., 2010). The synergistic impacts of harvest, habitat loss and climate change will 
likely be greatest for coastal shark species. Little remains known of how drivers of decline affect specific 
shark species. Field et al. (2009) indicate the ultimate need to estimate MVP (minimum viable population 
size) for use as a management tool in managing and protecting sharks in the long term, but the datasets 
needed for this are dearly lacking. Sexual segregation as is common in many pelagic sharks combined 
with spatially focussed exploitation may also serve to exacerbate effects of overexploitation (Mucientes 
et al., 2009). Techera and Klein (2011) point to the lack of progress in internationally stemming the 
decline of shark species in recent decades and highlight regulatory fragmentation as a key additional 
threat to the largely migratory and trans-boundary shark populations worldwide. 
3.1 Threats to address in a shark protection plan 
3.1.1 Fishing mortality 
Sharks are valued in fisheries for a combination of their flesh, hide, oil and cartilage and have long been 
fished by man. The life history characteristics of slow growth, high age and large size of maturation, late 
maturity and low fecundity, and possibly even evolutionary inflexibility suggested by new genetic studies,  
make sharks very vulnerable to overfishing and reduce their ability to recover from past overfishing 
(Ferretti et al., 2010). Consequently, various sources of directed and incidental fishing mortality, such as 
the advent of long-lining and gillnet fishing have been the main reason for their recent decline (Field et 
al., 2009). Worm et al. (2013) have reviewed fishing mortality and potential rebound rates for 62 shark 
species and found potential rebound rates to average only 4.9% per year. Consequently even light 
fishing pressure can result in steep declines in abundance of sharks (Shepherd and Myers, 2005; Ferretti 
et al., 2008). Deep-water sharks may be especially vulnerable to overfishing (Ferretti et al., 2010). In 
contrast to many bony fish species which often respond to exploitation with increased fecundity and 
lowered size of maturation, sharks appear less able to compensate quickly to fishing pressure (Ferretti et 
al., 2010). 
 
Even though many initiatives are being taken worldwide to address these declines, combined shark 
mortalities have shown no decline in recent years all the while the market for shark flesh continues to 
grow, especially in Oriental markets (Worm et al., 2013). Fortunately, many fishing nations have greatly 
restricted or altogether prohibited the practice of finning sharks for use of their fins in the market for 
sharkfin soup. This is a practice whereby sharks are caught and all fins are cut off, after which the 
incapacitated animal is thrown overboard to slowly perish due to a combination of bleeding and 
suffocation (Animal Welfare Institute:  https://awionline.org/content/shark-finning ). 
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Two kinds of fishing mortality are typically distinguished. First is that of directed fishing mortality 
wherein sharks are targeted as a fishery resource by any of several gears. Directed fisheries exist in 
many countries, among which the USA where management is successful and appears to be gradually 
reversing the trend in shark declines (Carlson et al., 2012, Froescke et al., 2013). Directed shark 
fisheries do not exist in the Dutch Caribbean. 
The second main source of fishing mortality in sharks is that of bycatch in fisheries directed at other 
species. The main example is that of longline fisheries for swordfish and tunas as also very active in the 
Caribbean (Weidner et al 2001). As sharks are scavengers and top predators they will readily take bait 
placed for other species. Bycatch is also important in other gears such as in the use of purse seines for 
tuna (Watson et al., 2008). Several initiatives are underway to study how shark bycatch can be 
minimized as unwanted sharks may damage gear and waste bait. For tuna purse seining, Watson et al. 
(2008) have shown excellent potential of a network of small no-fishing zones to greatly reduce shark 
bycatch. Most of the above mentioned fishing methods which are threatening for sharks do not exist on 
Saba, Statia and Bonaire. Incidental bycatch of sharks does occur (Van Beek et al, 2013), i.e. nurse 
shark, Caribbean reef shark, blacktip shark and Cuban dogfish in the lobster trap fisheries on the Saba 
Bank (Dilrosun, 2000; Toller and Lundvall, 2008). 
3.1.2 Habitat quality 
Recent work is showing that large, oceanic sharks may actually depend on shallow coastal areas during 
part of their life cycle (e.g. Carrier and Pratt, 1998, Tavares, 2008, Clarke et al., 2011, Daly-Engel et al., 
2012, Hammerschlag et al., 2012b). This makes many sharks vulnerable to habitat destruction in coastal 
areas, as caused by man (Jennings et al. 2008) and possibly, on the long-term by climate change (Field 
et al., 2009). Several shark species are also quite dependent on estuarine habitat (e.g. sawfishes and 
the bull shark) which are often under extreme development and anthropogenic pollution pressure. The 
dependence of sharks on habitat quality has been very little studied so far (Field et al., 2009). One 
dimension of habitat quality that has hardly been studied is that of food availability. Sharks are 
potentially affected by shortage of prey due to competition for the same resources by their largest 
piscivorous competitor, namely man, but this has even been less studied.  
3.1.3 Habitat connectivity 
Recent research shows that many sharks use a variety of different habitats during different stages of 
their life cycle. Nevertheless, knowledge on their true dependence on these habitats (facultative/vs. 
required use), how they use these, and the effect of their use of different habitats on population 
structure and health is very incomplete (Ferretti et al. 2010, Worm et al. 2013). Because of their likely 
key and complex ecological role as apex predators, and use (or even need) of different habitats during 
the course of their life cycle, all habitats required should minimally be available, close-by enough, and in 
sufficient quantity and quality to afford any species integral protection. Under these circumstances, and 
based on the cautionary principle (Musick et al. 2000b), sustainable management calls for a focus on 
large interconnected habitats for integral management and protection of sharks, until that time when 
detailed knowledge may allow fine-scaled tuning of management on a species by species basis. 
3.1.4 Life cycle migrations 
During the course of their typically long life span, sharks not only likely depend on a variety of different 
habitats but also often move or migrate over large distances (eg. Skomal et al., 2009). This means that 
sharks fully protected in one area or jurisdiction, may nevertheless be exposed to dangers and mortality 
in other areas. This can negate any positive effects of protection provided in delimited areas of their 
active range. The need for a joint ecosystem approach to the management and conservation of these 
typically transboundary, and migratory stocks is widely recognized and espoused (Fanning et al 2011). 
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However, as is evident from the many more localized yet successful shark conservation measures, this 
does not mean that local efforts are not effective or that local initiatives should wait for the more 
complicated and often tedious (or even impossible) joint implementation in the international setting. 
Recent research also shows that a network of smaller no-fishing zones can still be very useful to alleviate 
fishing mortality in a wide region (Watson et al., 2008).   
 
Two positive consequences of the migratory life-history aspect are that areas that (i) have become 
devoid of certain species may be again replenished once conditions become favourable and (ii) wide 
interconnection precludes localized overfishing from the risk of wiping out unique gene pools. 
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4 Justification for a shark protection plan 
4.1 Ecological importance 
4.1.1 Ecological role as apex predator 
Ferretti et al. (2010) provide a recent synthesis of what is known about the ecological role of sharks. 
Sharks are primordial predators that have evolved over eons of time for large size, continuous growth, 
delayed age of maturity and adaptations to the pelagic environment (Grogan and Lund, 2004). Because 
of their large size they occupy ecological niches first occupied by large predatory reptilians and have 
likely played a critical role in the evolution of marine mammals as well as other predators and prey 
species (Ferretti et al., 2010). Sharks are largely seen as feeding generalists and typically take a wide 
range of prey and therefore likely have limited effect on mortality rates in individual species (Ellis and 
Musick, 2007). Due to their jaw structure, their feeding is not gape-limited as in bony fish and they can 
take much larger prey than similar sized bony fishes (Ferretti et al. 2010). They are typically wide 
ranging and interconnect food webs across wide geographic ranges (Musick et al., 2004). The ecological 
role each species can play in this is likely influenced by their distribution across habitats. Most shark 
species (90%) are restricted to near-shore waters of the continental shelves whereas some species (e.g., 
hammerhead, tiger shark) migrate between the pelagic and near-shore habitats and only few are fully 
pelagic in habits (e.g. blue, oceanic white-tip mako) (Ferretti et al., 2010).  
We know very little about the specific roles of sharks in Caribbean coral reef ecosystems, but current 
models and theories suggest that their loss causes multiple effects throughout local food webs and could 
lead to reef collapse7. A study by Rezende et al. (2009) highlighted the importance of sharks for the 
organization, and potentially also for the stability and biodiversity of the Caribbean food webs. Modelling 
suggests that sharks are important regulators of grouper biomass on Caribbean reefs (Bascompte et al 
2005 in Chapman et al. 2006) and potentially important for the biological control of the invasive lionfish 
Pterois volitans (Albins and Hixon 2008; Arias-Gonzalez et al. 2011). Other work suggests the role of 
sharks in regulating grouper biomass has an indirect positive effect on parrotfish biomass and grazing 
capacity (Chapman et al. 2006). The model of Arias-Gonzalez et al. (2011) predicts that lionfish will 
replace sharks as apex predators as a result of a decrease in sharks due to overfishing throughout the 
region. 
4.1.2 Possible consequences of removal 
Because of their role as apex predators in marine ecosystems world-wide, their population declines in the 
last 50 years, also in the Dutch Caribbean (Van Beek et al., 2012) allow a number of predictions of how 
ecosystems might respond. Large shark species (>3m) function as top predators, and many meso-
predatory elasmobranchs (typically < 1,5m) are prey to larger shark species. Sharks are feeding 
generalists, which explains the high connectivity of sharks in food web models (Bascompte et al. 2005). 
Both theoretical and empirical studies suggest that large marine prey such as marine mammals and sea 
turtles may increase in abundance as a result of shark declines (Ferretti et al., 2010). But there remains 
a great paucity of empirical evidence for this, especially since large prey species likely also suffer from 
other man-induced problems such as food-species shortages due to competition from human fisheries 
and bio-accumulation of anthropogenic contaminants that reduce their recovery. Heithaus et al. (2007b) 
have found that even simple presence of large sharks can reduce foraging in sea turtles and make the 
latter avoid productive feeding areas, but that such avoidance is also affected by the body condition of 
individual turtles. Food web and bio-energetic models may also give conflicting predictions. While on the 
                                                 
 
7 http://www.earthwatch.org/europe/exped/chapman_research.html 
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one hand it is suggested that loss of top predators may allow meso-predator release resulting in low 
herbivore density and contribute to the shift from coral to algae-dominated reefs, others suggest that 
sharks might also directly affect herbivore prey and their predators, and that the effects of their removal 
on coral/algal domination may be more limited (Mumby et al., 2006). The ecological effects of loss of 
sharks as top predators is difficult to understand and generally obscured by the fact that ecosystems 
have simultaneously been undergoing many other major changes. Ferretti et al. (2010) capture the main 
ecosystem effects of sharks and shark removal. 
 
Figure 7. How ecosystem effects of removal of large shark species allows meso-predators to increase and 
resource species to decrease. Modified from Ferretti et al. (2010). 
4.2 Economic potential 
With exception of a few large, non-predatory species, shark protection has generally been overlooked 
because of a negative public image and lack of data (in part due to overfishing) (Cisneros-Montemayor et 
al., 2013). While globally the number of shark divers has grown to over 590,000 spending over US$ 314 
million annually, the global value of fisheries-landed sharks, currently valued at 630 million annually, has 
declined consistently for the last decades (Cisneros-Montemayor et al., 2013). Based on current trends, 
the economic significance of shark diving and watching could well double in the next 20 years. It is 
therefore also not surprising that as (especially) tropical tourism-oriented nations recognize the plight, 
importance and economic potential of sharks (Gallagher and Hammerschlag, 2011), shark conservation 
implementation is now taking flight worldwide.  
 
Recent studies show that shark management measures take time but do work if properly implemented 
(Carlson et al., 2012, Froeschke et al., 2013). In a related effort a review of 80 marine reserves using 
114 independent performance measures shows that the concept of reserves and sanctuaries simply 
works (Halpern and Warner, 2002), even though it is not fully clear why they work nor how exactly to 
optimize their effectiveness. For the silky shark in the Pacific, Watson et al (2008) have shown that a 
network of even relatively small, but well-chosen no-fishing areas can greatly reduce combined fishing 
mortality in this shark species. 
 
This year (2013) French Polynesia and the Cook islands declared their EEZs as shark sanctuaries. As 
these island groups are contiguous, this has created a shark sanctuary of 6.7 million km2, the largest in 
the world. This year in April New Caledonia also declared its whole 480000 km2 EEZ off-limits to shark 
fishing. In March 2013, CITES decided to grant all manta ray species and five shark species (oceanic 
white-tip shark, smooth hammerhead, scalloped hammerhead, great hammerhead and porbeagle) 
additional to the previous three shark species (whale shark, basking shark and great white shark) CITES 
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protection against international trade. Eight of the CITES species occur in the Dutch Caribbean (Appendix 
A).  
After years of debate on how to close the various loopholes in the EU 2003 ban on shark finning, in June 
2013 the EU finally required all sharks to be landed with fins attached. In June 2013 the IATTC (Inter-
American Tropical Tuna Association) (not active in the Atlantic or Caribbean) banned the setting of tuna 
nets around whale sharks and prohibited the use of entangling fish attracting devices. Finally, in 
Micronesia several of the federated states have banned fishing, sale, trade and possession of sharks as of 
June 2013. It is expected that this will later be expanded to official shark sanctuaries encompassing the 
full EEZ.  
At present there are shark sanctuaries in no less than nine nations (Palau, Maldives, Honduras, The 
Bahamas, Marshall Islands, French Polynesia, Cook Islands and the U.S. Pacific Territories, namely N. 
Mariana Isls., Guam and Samoa, and Venezuela). Notwithstanding the Caribbean region being highly 
tourism-oriented, in the Caribbean, shark watching expenditures lag behind, with exception of the 
Bahamas where annual shark watching expenditures now exceed $ 82 million per year (Cisneros-
Montemayor et al., 2013). For all other Caribbean nations combined the current estimate lies at only $ 
41 million per year, which indicates considerable potential for expansion. In the last two years two large 
new Caribbean shark sanctuaries have been established in Honduras and in Venezuela to add to the 
growing regional network of shark protected areas (Bahamas, and the USA).  
 
Case studies from Mexico, French Polynesia and the Seychelles show that shark watching and related 
economic activity can be ideal for community involvement and development and can have a broad and 
positive socio-economic impact and spin-off (Cardenas-Torrez et al., 2007, Rowat and Engelhardt, 2007). 
At present there are more than 267 shark viewing sites world-wide (Carwardine and Watterson, 2002) 
and for the Seychelles a 14-week whale shark season represents an economic injection of US$ 4,99 
million per year (Rowat and Engelhardt, 2007). In French Polynesia, 13 sharks at one dive site alone 
generated US$ 5.4 million in revenues annually and each shark represented a total contribution of US$ 
2.64 million during its lifetime (not counting its ecosystem value) (Clua et al., 2011). 
 
There has been considerable debate over the past decade about the potential effect of provisioning 
(shark feeding or chumming) on shark behaviour. There is a general lack of empirical evidence and there 
are conflicting conclusions (Hammerschlag et al. 2012b). A study of Caribbean reef sharks in the 
Bahamas by Maljkovic and Cote (2011) concluded that despite more than twenty years of provisioning 
there is no evidence for shifts in behaviour which might affect the ecological function of these sharks.  
4.3 Local support for shark protection 
Public environmental awareness and support for management measures are a key determinant for the 
successful implementation of a shark protection plan. As part of this research a short questionnaire was 
distributed amongst three key coastal resource user groups - fishermen, sport divers and local residents 
- to assess opinions and perceptions of the status of sharks and the support for shark protection. A total 
of 90 questionnaires were sent, 15 to each of the six island. 60 filled questionnaires were returned, of 
which 16 from fishermen, 16 from local residents and 28 from sport divers living on the islands (Table 
3). The responses per island are also shown in Table 3. 
Table 3.  Sample statistics per respondent group and per island 
Repondents Aruba Bonaire Curaçao Saba St. Eustatius St. Maarten n 
Fishers 5 0 0 5 5 1 16 
Residents 5 1 0 5 5 0 16 
Divers 5 7 6 5 4 1 28 
Total sample 15 8 6 15 14 2 60 
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The respondent group of sport divers has been diving at their island of residence for 15.6 years on 
average. The non-diving local residents were living on average 35.2 years on the islands, of which 69% 
(11 respondents) were born on the island of residence and the remaining respondents were born on 
another Dutch Caribbean island or in the Caribbean region (Suriname, Colombia, Saint Kitts and Saint 
Lucia). The respondent group of fishers has been fishing for 28.1 years on average. 
 
Due to the relatively small sample size in this orientative enquiry all data were pooled for presentation 
and as a consequence, potentially significant differences between islands could not be demonstrated. 
Furthermore sample selection was left at the discretion of the local collaborating organisations who 
approached respondents, hence there might be a bias in the selection of respondents. We are not aware 
of a non-response bias. Non-response in table 3 is because organisations who were asked to hand out 
questionnaires were unable to do so. Due to the sample size and sample selection our results should only 
be considered as being broadly indicative.   
4.3.1 Perception on shark biodiversity, abundance and size 
The three species mostly seen by divers and fishers and best known to residents were for all respondent 
groups the same species in the same order: nurse sharks, Caribbean reef sharks and Southern Stingray.  
Respondents were asked for their perception on changes in biodiversity, abundance and individual size of 
sharks and rays in the past 5-10 years (Figure 8).  
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Figure 8. Top left: Perception of fishermen and divers on changes in biodiversity of sharks and rays in the 
past 5-10 years. Bottom left: Perception of fishermen, divers and residents on changes in 
abundance of sharks and rays in the past 5-10 years. Top right: Perception of fishermen and divers 
on changes in individual size of sharks and rays in the past 5-10 years. Residents were only asked 
for their opinion on abundance, not on biodiversity and individual size. 
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Divers and fishermen were expected to have a perception based on personal experience. Residents were 
only asked for their opinion on abundance, not on biodiversity and individual size, because we assumed 
species identification and size estimates were more difficult to recognize for them. One can also argue 
non-diving residents do not have first-hand information to answer the abundance question either. Which 
may be the reason why half of the residents selected as answer to be “not sure” about changes in 
abundance.  
Biodiversity change of the number of species (Figure 8 top left) is perceived to have not changed (32%), 
decreased (30%) or increased (20%) for both fishers and divers. The remaining 18% of the fishers and 
divers is not certain about a change in the number of different species. Abundance change in the number 
of individuals (Figure 8 bottom left) is perceived to have decreased (28%), increased (23%) or not 
changed (23%). A quarter of all respondents is not certain about a change in the number of individual 
sharks and rays. The change in size of individuals (Figure 8 top right) seems more difficult to judge, as 
34% of the fishers and divers is not certain. The others perceive no change (34%), an increase (25%) or 
a decrease (7%). Overall, these figures show that there is no clear consensus on the perception of 
biodiversity, abundance and size. 
4.3.2 Perception on shark protection and fisheries management 
The only major contrast that did seem evident from our data is the large difference between fishermen 
and divers in the perceived desirability of shark protection. Whereas divers appeared almost unanimous 
about the need to protect sharks, fishermen were clearly split on this issue (figure 9). This supports the 
notion that more can likely be gained by directing public information on sharks towards fishermen than 
towards divers.  
The opinion of respondents on the protection and management of sharks and rays was investigated 
differently for fishers and diving and non-diving residents. The focus for residents was on protection and 
the focus for fishers was on fisheries management. Fishers were asked for their opinion if and how shark 
bycatch should be managed. Divers and residents were asked for their opinion if and how sharks and 
rays should be protected.  
Yes = 7
No = 7
No Opinion = 1
Manage Bycatch?
Yes = 43
No Opinion = 1
Protect Sharks?
 
Figure 9. Left: Opinion of fishermen if bycatch of sharks and rays should be managed. Right: Opinion of 
divers and residents if sharks and rays should be protected. 
 
Results divers and residents 
The majority of the divers and residents (98%) were in favour of shark protection (Figure 9 right). Only 
one non-diving resident had no opinion about shark protection. The motivation for resident divers to 
protect sharks can be explained by the importance of sightings of sharks and rays for the enjoyment of 
their dive (Figure 10). It is either important or very important to see sharks for 71% of the divers (20 
respondents) and for 93% of the divers (26 respondents) the same is true for rays. The importance of 
rays is a justification to include these charismatic species in a shark protection plan.  
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Figure 10. Left: Importance of the sighting of sharks to divers for the enjoyment of their dive. Right: 
Importance of the sighting of rays to divers for the enjoyment of their dive 
When asked to rank four potential conservation management measures on a scale from 1 to 5 (Table 4), 
the vast majority of all respondents, 67% to 79% depending on the protection measure, ranked them as 
excellent (scale 5). The protection measures considered worse (scale 1) were no-fish reserves (1 diver 
and 3 residents), increased enforcement including meaningful penalties (1 diver and 2 residents) and 
prevention of overfishing (5%, 1 diver and 1 resident). Several divers and residents mentioned the 
importance to raise awareness and educate fishermen, children and the community, as locally sharks are 
perceived as a threat. Two divers suggested to join PADI project aware. One diver stated that “a no-fish 
zone would be better off if you make it a no-diving zone as well” which is “better for all marine life”. One 
resident acknowledged about fishing that “for some it’s a living”. Another resident remarked “artisanal 
fishing of sharks should be controlled, commercial fishing (i.e. longlines) should be banned and bycatch 
should be immediately released”.  
Table 4. Potential shark protection and fisheries management measures which respondents ranked on a 
scale from 1 (worst) to 5 (excellent).  
 Ranking fishers Ranking divers and residents 
Management measures:              Scale: 1 2 3 4 5 1 2 3 4 5 
1. Introduce legislation for protection i.e. 60% 7% 0% 7% 27%      
1.1 Shark finning ban 
1.2 Prohibit landing of sharks 
1.3 Require immediate release of bycatch 
1.4 Protect shark and ray habitats 
     5% 
2% 
0% 
0% 
0% 
2% 
2% 
2% 
7% 
12% 
10% 
7% 
9% 
5% 
14% 
21% 
79% 
79% 
74% 
69% 
2. Increase enforcement and penalties 47% 7% 7% 7% 33% 7% 2% 5% 10% 76% 
3. Introduce no-fish reserves 53% 7% 20% 0% 20% 9% 2% 14% 7% 67% 
4. Prevent overfishing, i.e.      5% 2% 7% 18% 68% 
4.1 Limit number of fish traps 
4.2 Limit soak time of fish traps 
4.3 Guidelines for handling of bycatch 
4.4 Guidelines for handline fishing 
4.5 Guidelines for gillnet fishing 
4.6 Guidelines for seine fishing 
4.7 Limit number of fishermen 
67% 
80% 
73% 
79% 
91% 
90% 
53% 
0% 
0% 
0% 
0% 
0% 
0% 
13% 
13% 
7% 
7% 
0% 
0% 
0% 
7% 
0% 
7% 
0% 
0% 
0% 
0% 
7% 
20% 
7% 
20% 
21% 
9% 
10% 
20% 
     
5. Introduce fisheries management to 
record bycatch (landed and discarded) 
53% 7% 13% 7% 20%      
6. Modify fishing gear and/or method 79% 0% 7% 7% 7%      
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Results fishers  
Half of the fishers was in favour to manage bycatch and the other half was not (Figure 9 left). When 
fishers were asked how bycatch of sharks is handled (Figure 11), the responses reveal bycatch is 
discarded in 45% of the cases (according to the fishers most are discarded alive). From the responses in 
Figure 11 it appears the majority of the bycatch (55%) is either consumed (32%), sold (18%) or used as 
bait (5%). One fisher noted that small sharks are used for consumption, while big sharks are discarded 
alive. 
Discard alive Discard dead Use as bait Own consumption Sell
Shark bycatch
0
2
4
6
8
 
Figure 11. Potential ways fishers handle shark bycatch. Multiple answers were possible.  
 
Because of the small sample size data were pooled. However, due to different approaches to fishery on 
each island it was considered useful to also present the data for each island separately. Table 5 shows 
Aruban fishermen were in favour of management, St. Eustatius fishermen not and Saban fishermen were 
divided. Also the responses for each island on the handling of sharks caught is shown here.   
Table 5. Responses of fishermen per island on the management of bycatch: 1) should bycatch be managed 
and 2) how to handle bycatch (multiple answers possible). One fisher (from Aruba) noted that 
small sharks were used for consumption, while big sharks were discarded alive. 
 1) Manage bycatch? 2)  How to handle bycatch? 
 Yes No No 
opinion 
Discard 
alive 
Discard 
dead 
Use as 
bait 
Consume Sell 
Aruba 4 0 1 3 0 0 4 0 
Saba 3 2 0 4 0 0 1 0 
St. Eustatius 0 5 0 2 1 1 2 4 
 
In the follow-up question to rank six potential fisheries management measures on a scale from 1 to 5 
(Table 4) the measure to record landed and discarded bycatch was given the lowest rank by 53% of the 
fishers. The various measures to prevent overfishing were considered worse by 67% to 91% of the 
fishers, depending on the measure. The most supported management measures included enforcement 
(33% rank 5, 40% rank 4 and 5 added up), legislation for shark and ray protection (27% rank 5, 33% 
rank 4 and 5), and keeping records of bycatch (20% rank 5, 27% rank 4 and 5). One fisherman 
suggested as additional measure “there should be a closed season”. Another fisherman in favour of most 
management measures stated “don’t wait until it is too late”. According to fishermen not in favour of any 
management measure “fishermen see the sharks as pest, which interferes with him catching fish” reason 
why if “he catches one he will kill it as it otherwise will continue to interfere with him throughout the 
day”; “all the sharks should be catched out”; and two of them did “not consider sharks caught to be 
bycatch”, because “sharks are pests which are not specifically targeted but when caught are consumed 
just like any other fish” and “sharks caught are used for different purposes and are most of the time 
landed and sold”.  
Finally, respondents were asked if they were willing to contribute financially to the protection and 
management of sharks. Of the fishers 94% was not willing to pay and the fisher who stated “don’t wait 
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until it is too late” was willing to pay $500 annually. Of the divers 54% was willing to pay an average of 
$110 annually and 46% of the non-diving residents was willing to pay an average of $24 annually. Of the 
13 divers not willing to contribute, half of them made a remark that the current marine park fees should 
cover this, fees tend to be diverted currently, fees should be sufficient if everyone would pay, and that 
an additional fee would only be paid if results are seen. One diver was not willing to pay for damage 
created by fishers. 
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5 Protection initiatives in the Wider Caribbean and 
abroad 
There are since the 1990s several shark protection plans, both internationally at intergovernmental and 
non- governmental level, as well as at national level by several nations in the Wider Caribbean region. 
This chapter describes such international, European and Caribbean protection initiatives. 
5.1 International 
5.1.1 FAO IPOA Sharks 
Within the framework of the Code of Conduct for Responsible Fisheries the FAO (Food and Agriculture 
Organization) developed the International Plan of Action for the Conservation and Management of Sharks 
(IPOA Sharks) in 1999. The objective of IPOA Sharks is to ensure the conservation and management of 
sharks and their long-term sustainable use. IPOA Sharks is voluntary and intends to give states 
guidelines on how to establish a National Plan of Action (NPOA) through guiding principles and 
procedures for implementation. Guiding principles for states are participation, sustaining stock and 
nutritional and socio-economic considerations. States that contribute to fishing mortality on sharks 
should participate in its management. To sustain stocks the precautionary approach should be applied. In 
low-income and food-deficit states where shark catches are a traditional and important source of food, 
employment and/or income, catches should be sustainable to continue to provide food, employment and 
income to local communities (FAO, 1999).  
 
To ensure the conservation and management of sharks and their long-term sustainable use the shark 
plan should (FAO, 1999):  
 Ensure that shark catches from directed and non-directed fisheries are sustainable; 
 Assess threats to shark populations, determine and protect critical habitats and implement 
harvesting strategies consistent with the principles of biological sustainability and rational long-
term economic use; 
 Identify and provide special attention, in particular to vulnerable or threatened shark stocks; 
 Improve and develop frameworks for establishing and coordinating effective consultation 
involving all stakeholders in research, management and educational initiatives within and 
between States; 
 Minimize unutilized incidental catches of sharks; 
 Contribute to the protection of biodiversity and ecosystem structure  and function; 
 Minimize waste and discards from shark catches in accordance with article 7.2.2.(g) of the Code 
of Conduct for Responsible Fisheries (for example, requiring the retention of sharks from which 
fins are removed); 
 Encourage full use of dead sharks; 
 Facilitate improved species-specific catch and landings data and monitoring of shark catches; 
 Facilitate the identification and reporting of species-specific biological and trade data.  
 
In their 10-year review of the FAO IPOA Sharks (on behalf of the PEW Charitable Trust) Lack and Sant 
(2011) concluded that little has been achieved in 10-years’ time within FAO context towards better shark 
management and protection. Others have recently criticised the plan for lacking time lines, priorities, 
action plans and performance indicators (Davis and Worm, 2013), and stress the need for more 
proactive national plans. Notwithstanding all the attention given to the topic, global fishing mortality 
rates of sharks have not declined significantly at the global level and average annual exploitation rates 
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range between 6.4 and 7.9% which exceeds the minimum rebound rate for most sharks (4.9% based on 
62 species) (Worm et al., 2013).  
5.1.2 CMS Shark MoU 
In November 2011 the Kingdom of the Netherlands ratified the Memorandum of Understanding on the 
conservation of migratory sharks (Sharks MoU) of the Convention on the Conservation of Migratory 
Species of Wild Animals (CMS). The CMS and its legal context for the protection of sharks is further 
addressed in chapter 6.1.4. The Sharks MoU is a legally non-binding instrument of the CMS and the first 
global instrument for the conservation of migratory shark species.  
The Sharks MoU entered into force on 1 March 2010 with the aim to sustainably manage and protect 
migratory shark species, in particular the species included in appendices I en II of the CMS. As of 
November 2013 the Sharks MoU has 27 members, 26 national governments and the European Union. 
Seven shark species are currently listed under Annex I of the CMS Sharks MoU.8 These are the same 
shark species as those listed under the appendices of the CMS. For the Dutch Caribbean relevant sharks 
listed under the CMS Sharks MoU and CMS at present are the whale shark, the basking shark and the 
shortfin mako (Appendix A).  . 
Annex III of the CMS Sharks MoU contains a conservation plan. The objectives of the conservation plan 
are to: 1) improve the understanding of migratory shark populations through research, monitoring and 
information exchange; 2) ensure directed and non-directed fisheries for sharks are sustainable; 3) 
ensure the protection of critical habitats and migratory corridors and critical life stages of sharks; 4) 
increase public awareness of threats to sharks and their habitats, and enhance public participation in 
conservation activities; and 5) enhance national, regional and international cooperation. 
5.1.3 RFMOs 
The European Commission on behalf of the European Union member states is operating in 17 
management RFMOs (Regional Fisheries Management Organisations). Figure 12 presents an overview of 
these management RFMOs. The EC is also operating in two advisory RFMOs: CECAF (Fishery Committee 
for the Eastern Central Atlantic) and WECAFC (Western Central Atlantic Fisheries Commission). Another 
advisory RFMO of which the EC is not a member is the CRFM (Caribbean Regional Fisheries Mechanism) 
in the Caribbean. Besides the CRFM, the other RFMOs which includes the Wider Caribbean are WECAFC 
and ICCAT (International Commission for the Conservation of Atlantic Tunas). Because sharks are 
migratory species, their fisheries management falls under the ICCAT. 
 
  
Figure 12. Overview of RFMOs for tuna-like species (left) and non-tuna like species (right)  
WECAFC is the most important RFMO for the Caribbean other than ICCAT, the CRFM is strictly a Caricom 
(Commonwealth countries) organization, though it also includes Surinam and they have an MOU with 
Dominican Republic. 
                                                 
 
8 http://sharksmou.org/ 
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5.1.3.1 WECAFC 
The Western Central Atlantic Fisheries Commission (WECAFC) was established in 1973 and has 33 
member states (32 national governments and the European Union). The general objective of WECAFC is 
to promote the effective conservation, management and development of the living marine resources in 
accordance with the FAO Code of Conduct for Responsible Fisheries (CCRF), and address common 
problems of fisheries management and development faced by members of the WECAFC. One of its 
guiding principles is to ensure adequate attention to small-scale, artisanal and subsistence fisheries.9 
WECAFC shark related activities include support for development and implementation of NPOAs. The 
work programme of the WECAFC for 2012-2013 aimed at five additional WECAFC members to develop 
and implement a NPOA. In the Regional Policy and Planning Workshop on the CCRF, held during the 14th 
session of the Commission in 2012, two recommendations with regards to the exploitation and 
management of sharks were:9  
 NPOAs Sharks be developed in Caribbean countries that catch substantial quantities of sharks in 
their fisheries and that all Caribbean countries improve their data collection on shark catches 
and landings, as well as the skills to identify different species, in line with the FAO Technical 
Guidelines on the IPOA Sharks and ICCAT recommendations.  
 The precautionary approach be applied for deep sea sharks fisheries, in order to avoid fishing to 
depletion of stocks we do not know enough about as yet. 
At the same workshop a conclusion was that the eastern Caribbean sharks are generally caught within a 
multi-species, multi-gear fishery, often untargeted. Nevertheless, it is important to note that shark 
catches are not discarded as they are sold and consumed, without waste, by the locals.9 
5.1.3.2 ICCAT 
The International Commission for the Conservation of Atlantic Tunas (ICCAT) has been established in 
1970 and has 48 member states. ICCAT has adopted two resolutions and five recommendations with 
regard to the exploitation and management of sharks.  
The most important is resolution 2003-10 which states that each contracting party shall provide 
information to the working group of the sub-committee on bycatch on their shark catches, effort by gear 
type, landings and trade of shark products. Furthermore each contracting party shall fully implement a 
National Plan of Action in accordance with the FAO IPOA.10  
Important recommendations to prohibit retaining onboard, landing or selling sharks are recommendation 
2010-08 for hammerhead sharks of the family Sphyrnidae, with the exception of the Spyrna tiburo; 
recommendation 2010-07 for the Oceanic whitetip shark (Carcharhinus longimanus); and 
recommendation 2010-06 for the shortfin mako (Isurus oxyrinchus). Recommendation 2004-10 advices 
to review stock assessments of the Blue shark (Prionace glauca); to require fishermen to fully utilize 
their entire catches of sharks. Full utilization is defined as retention by the fishing vessel of all parts of 
the shark except head, gut and skin, to the first point of landing; to require that shark fins onboard shall 
not total more than 5% of the weight of sharks onboard and that it is forbidden to land only shark fins 
without the shark; to encourage fisheries not directed at sharks to release sharks alive and not use it for 
food and/or subsistence; to conduct research to identify shark nursery areas and to make fishing gear 
more selective. All these recommendations apply to sharks caught in association with fisheries managed 
by ICCAT11. In 2009 ICCAT parties prohibited the take and landing of thresher sharks. In 2010 similar 
prohibitions were extended to hammerheads and oceanic whitetips. 
                                                 
 
9 http://www.fao.org/fishery/rfb/wecafc/en 
10 www.iccat.int 
11 www.highseasmpas.org (Bos, 2012) 
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However, as of November 2013, none of the governments that are part of ICATT have actually chosen 
not to implement any limits on catches of endangered sharks like the porbeagle and the shortfin mako 
(PEW Charitable Trusts, press release, Nov, 2013). An advisory report of Berry and Tietze (2012), based 
on a FAO workshop end of 2011, mentioned the shortcomings in policy, monitoring, research and 
awareness, such as incomplete and outdated policy and legislation; low priority to fisheries resource 
management and development; lack of coordination in information on sustainable fisheries and 
management and lack of enforcement. 
5.1.3.3 CRFM 
CRFM provides data on commercial tuna and shark fisheries to ICCAT (Table 6). CRFM takes part in 
ICCAT meetings since the 1990s and the CRFM secretariat provides member countries technical and 
management support for ICCAT activities, especially ICCAT contracting parties. CRFM member states are 
not necessarily ICCAT member states (Singh-Renton, 2010).  
 
Table 6. Total shark catches in CRFM area (2000-2009), as reported to ICCAT (Singh-Renton 2010) 
Species name Catch from 2000-2009 (tonnes)  
Dogfish sharks, unclassified  16821  
Atlantic sharpnose shark  3849  
Smooth hounds, unclassified  2499  
Various sharks, unclassified  1210  
Blacktip shark  850  
Blue shark  770  
Smalltail shark  753  
Smooth hammerhead  320  
Shortfin mako  93  
Ground sharks  60  
Hammerhead sharks, unclassified  57  
Tiger shark  32  
Thresher sharks, unclassified  18  
Nurse shark  14  
Thresher shark  10  
Longfin mako  7  
Sand tiger shark  6  
Great hammerhead  3  
Lemon shark  3  
Oceanic whitetip shark  2  
Bull shark  1  
Nurse sharks, unclassified  1  
 
Some earlier data on the species composition of shark catches in the Caribbean are discussed by Chan A 
Shing (1999). For Trinidad and Tobago Chan A Shing (1999) reported the following species in the 1970s, 
1980s and 1990s catches: Carcharhinus altimus, C. brevipinna, C. falciformis, C. leucas, C. limbatus, C. 
obscurus, C. perezi, C. plumbeus, C. signatus, Galeocerdo cuvieri, Ginglymostoma cirratum, Negaprion 
brevirostris, Sphyrna lewini and S. mokarran, C. acronotus, C. isodon, C. porosus, Mustelus canis, M. 
higmani, Rhizoprionodon lalandii, R. porosus, S. tiburo and S. tudes. The three small coastal sharks M. 
higmani, R. lalandii, and R. porosus were the most common in the catches (Chan A Shing 1999).  
Sharks documented from commercial catches in Guyana during 1957 and 1961 were as follows: 
Scoliodon (Rhizoprionodon) terra novae, Scoliodon sp, Carcharhinus acronotus, C. maculipinnis, C. 
porosus, C. obscurus, C. limbatus, C. leucas, Aprionodon (Carcharhinus) isodon, Sphyrna tiburo, S. tudes 
and S. lewini (Chan A Shing, 1999). 
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Recreational fisheries are important in the Caribbean, but there is no monitoring of catch data and no 
information available at CRFM (Singh-Renton, 2010).  
5.2 European Community 
5.2.1 CPOA Sharks  
In 2009 the European Commission adopted the European Community Action Plan for the Conservation 
and Management of Sharks (CPOA). The CPOA has the following three objectives: 
1. To broaden the knowledge both on shark fisheries and on shark species and their role in the 
ecosystem. 
a. To have reliable and detailed species-specific quantitative and biological data on catches 
and landings as well as trade data for high and medium priority fisheries. 
b. To be able to efficiently monitor and assess shark stocks on a species-specific level and 
develop harvesting strategies in accordance with the principles of biological 
sustainability and rational long term economic use. 
c. To improve and develop frameworks for establishing and coordinating effective 
consultation involving stakeholders in research, management and educational activities. 
2. To ensure that directed fisheries for shark are sustainable and that bycatch of shark resulting 
from other fisheries are properly regulated. 
a. To adjust catches and fishing effort to the available resources with particular attention to 
high priority fisheries and vulnerable or threatened shark stocks. 
b. To minimize waste and discards from shark catches requiring the retention of sharks 
from which fins are removed and strengthening control measures.  
3. To encourage a coherent approach between the internal and external Community policy for 
sharks. 
5.3 Wider Caribbean 
5.3.1 FAO CCRF  
There is an FAO Code of Conduct for Responsible Fisheries (CCRF) under development in the Caribbean 
to achieve improved fisheries management and exploitation in the Wider Caribbean region. The most 
recent regional policy and planning workshop was held in December 2011 in Barbados. The Netherlands 
was not present at this workshop. 
The workshop paid particular attention to the IPOA sharks and conclusions and recommendations were: 
 To develop a NPOA for Caribbean countries with considerable shark catches in their fisheries; 
 For other Caribbean countries to improve the collection of shark catch and landing data; 
 For all countries to improve species identification skills according to the technical 
recommendations of the FAO and ICCAT; 
 To apply the precautionary principle for deep water shark fisheries, to prevent overfishing of 
shark species with insufficient knowledge on the status of these stocks.   
5.3.2 CCCFP 
A Caribbean Community Common Fisheries Policy (CCCFP) is under development. In September 2013 a 
meeting was held in Belize by CRFM, CARICOM and OSPECA to develop this regional treaty on 
conservation, management and sustainable utilisation of fisheries resources and related ecosystems. The 
policy, which was mandated by the CARICOM heads of state, will enter into force as soon as at least 
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eight CARICOM heads of state have signed it12. There is attention for transboundary species such as 
migratory pelagic fish stocks13, but it is unknown to us if there is special attention to the management 
and exploitation of sharks. 
5.3.3 OLDEPESCA, and OSPESCA 
The main purpose of the Latin American Organization for Fisheries Development (Organización 
Latinoamericana de Desarrollo Pesquero, OLDEPESCA) is to “meet Latin American food requirements 
adequately, making use of Latin American fishery resource potential for the benefit of Latin American 
peoples, by concerted action in promoting the constant development of the countries and the permanent 
strengthening of regional cooperation in this sector”14. The member states are Belize, Bolivia, Costa 
Rica, Cuba, Ecuador, El Salvador, Guyana, Honduras, Mexico, Nicaragua, Peru, and Venezuela. In 2007 
OLDEPESCA met to draft a shark strategy as a contribution to the regional plan for shark management 
and conservation. In light of the alarming collapse of fisheries worldwide, environment is an important 
theme to OLDEPESCA. In this OLDEPESCA especially espouses the ecosystem approach and participates 
actively in the Caribbean large Marine Ecosystem (CLME) initiative. 
 
OSPESCA (Organization of Fishing and Aquaculture in Central America) encourages regionally 
harmonized sustainable fisheries and aquaculture development15. Since 2007 it has supported Central 
American countries in developing their shark NPOAs (FAO WECAFC 2009). The organization is active in 
promoting sustainable fishing practices. With regards to sharks, in 2012 OSPESCAs shark working group 
held a meeting in Honduras on the 25-27 of April and hosted a two-day workshop 18-19 October in 
Nicaragua on standardization of commercial shark catch reporting in its member states. 
5.3.4 CARICOM 
One of the earlier reports to express concern about sharks in the Caribbean is the 1998 FAO review by 
Chan A Shing titled “Shark fisheries in the Caribbean: The status of their management including issues 
of concern in Trinidad and Tobago, Guyana and Dominica” in which available data is assembled on shark 
catches for the CARICOM countries of the WECAFC area (Chan A Shing, 1999). The data on reported 
catches available for those countries during the period 1974-1996 provide no clear trends for the region, 
but these data come at a time when most overfishing and population decline in the region had long since 
occurred (e.g. Van Beek et al., 2013). While the study clearly identifies the need for management 
measures, it also point to several longstanding problems that form major impediments to any 
implementation of measures in the most CARICOM countries. 
5.3.5 Regional fisheries initiatives 
US Caribbean Region:  
NOAA fisheries service presented the amendment 4 to the 2006 Consolidated Atlantic Highly Migratory 
Species (HMS) Fishery Management Plan (FMP). The powerpoint states that “in 2010, Puerto Rico 
reported approximately 11.8 mt of commercial shark landings and less than one mt was reported by St. 
Thomas and St. John combined. These landings were not species specific and it is unknown if they were 
harvested from Federal or Territorial waters”. Proposed management measures for small-scale HMS 
commercial fisheries include specific authorized gears and retention limits for sharks. 
                                                 
 
12 http://www.caribbeannewsnow.com/caricom.php?news_id=17981&start=0&category_id=39 
13 http://www.caricom.org/jsp/communications/belize_declaration.pdf 
14 http://www.oldepesca.com/ 
15 http://www.sica.int/ospesca 
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US Gulf of Mexico and (Caribbean) Florida: 
Following years of declines in catches, and concern about the protection status of many shark species, in 
1993 the USA established a Federal Management Plan for Shark Fisheries in the Atlantic Ocean, 
particularly directed at the coastal bottom long-line fishery. Since 1993 several amendments of the 
original plan have been implemented and local state governments have tied in by implementing 
complementary legislation. Measures included successively restrictive catch quotas, finning limitations, 
area closures, seasonal closures, adjustments of size limits, limits to retention in recreational fisheries, 
establishment of protected species lists, establish a shark research fishery and the use of regional and 
species specific quotas16.  
 
Carlson et al. (2012) provide a synoptic overview of the measures successively implemented measures 
and conducted an evaluation of subsequent changes in stock status using a generalized linear model 
(GLM). Since 1994 for most species average size has not continued to decline as would be expected 
under conditions of growth overfishing (see also Froeschke et al., 2013). Also numerical abundance has 
not declined but has generally shown small to medium increases. These findings suggest that the US FMP 
may be one of the first, if not first example of successful shark protection. This may in no small part be 
due to its large area, ambitious species coverage and effective implementation.   
 
Honduras: 
In June 2011 Honduras created the first shark sanctuary in America and declared all its marine waters in 
both the Pacific and Caribbean as a permanent shark sanctuary. This had been preceded in 2010 by a 
shark fishing moratorium and created the first shark sanctuary of the Americas amounting to about 
240,000 km2 of national waters, most of which lie along the 700 km-long Caribbean coast of the 
nation.17 
 
Bahamas: 
The Bahamas have had a longline fishing ban since 1993 and consequently there has been no 
commercial shark fishing activity. This longline ban has effectively made the whole archipelago of the 
Bahamas a shark “no-take” zone. The last export of shark from the Bahamas was a lot of 2 metric tons 
in 2004. In July 2011 the Bahamas went a step further and legally banned all shark fishing. That law 
firmly turns all 630,000 sq km of Bahamian waters into a shark sanctuary17. The fines for shark fishing 
were raised from 3000 to 5000 USD per incident. In 2011 there were only three other countries with a 
shark fishing ban. These were Palau, the Maladives and Honduras, the latter of which regards the 
Caribbean Sea. Shark diving brings the Bahamas 80 million USD per year in tourism revenues and 
according to the US Pew Environmental Group each reef shark represented a 250,000 dollar asset to the 
economy of the Bahamas. 
 
Venezuela: 
Towards implementing its Plan de Acción Nacional (PAN) de conservación for sharks, in June 2012 
Venezuela joined the rest of the Americas in outlawing the finning of sharks in its waters and established 
a 3,730 km2 shark sanctuary surrounding the touristic archipelago of Los Roques. Recent research (e.g 
Tavares 2005, 2008 2009) had demonstrated the importance of the shallow waters of Los Roques as a 
shark nursery area.  
 
                                                 
 
16 http://www.nmfs.noaa.gov/sfa/hms/Linkpages/regulations.htm/ 
17 http://sharksmou.org/shark-sanctuaries 
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SICA:  
The Dominican Republic has, together with Belize and six other Central American countries, united under 
the name SICA (Central American Integration System), signed an agreement to prohibit shark finning. 
This ban is also applicable to fishing vessels in international waters under the flag of SICA member 
states. This arrangement OSP-05-11 entered into force in 1 January 201218. 
5.4 NGO protection initiatives 
5.4.1 IUCN Red List of Threatened Species  
The IUCN Red List of Threatened Species is widely recognized as the most comprehensive global source 
of information on the conservation status of plant and animal species and as an important indicator of 
the changing status of biodiversity. It has no statutory force, but occupies a prominent role in setting 
priorities and guiding the conservation activities of governments, NGOs and scientific institutions. The 
Red List has a scientific base and is established in cooperation with numerous IUCN specialist groups 
(Fowler et al., 2005). The IUCN Shark Specialist Group (SSG) has been established in 1991 as a result of 
the increasing awareness and concern about the negative effects of fisheries on shark populations and 
biodiversity. The objective of the SSG is to promote the long-term conservation of sharks and related 
species, effective management of their fisheries and habitats, and the recovery of their population, if 
applicable19. SSG members worldwide do assessments in an attempt to address the global status of a 
species. For some species, however, information is not yet available throughout their entire range, hence 
regional assessments have been undertaken by SSG members in the interim to provide useful guidance 
for conservation and management on a regional basis. Only global assessments are available on the 
IUCN Red List website (Fowler et al., 2005).  
The threatened species are categorized as following from high to low: Critically endangered; 
Endangered; Vulnerable. The categories for less threatened species are from high to low: Near 
threatened; Least concern en Data deficient. Critically endangered, endangered and vulnerable are 
species facing respectively an extremely high, very high and high risk of extinction in the wild in the 
immediate future. Near threatened are species close to qualifying or likely to qualify for a threatened 
category in the near future. Least concern are species not threatened or not likely to become threatened 
in the foreseeable future. Data deficient are species for which appropriate data on their abundance 
and/or distribution is lacking20.  
5.4.2 The Pew Charitable Trusts Environmental Initiatives 
The Pew trust has played a central role in several major recent advances in shark protection around the 
world, including the establishment of the recent shark sanctuaries in the Bahamas and Honduras in the 
Greater Caribbean. Their global shark conservation program presently lists 13 worldwide shark 
conservation spear-points. The focus of their ten shark team members is international cooperation with 
allies through advocacy21. 
 
Recent contact was established between Paul Hoetjes and Max Bello and Liz Karan of PEW in Washington 
D.C. At present PEW is providing policy support and advice to Costa Rica as well as to Venezuela.  PEW 
                                                 
 
18 http://www.greenantilles.com/2012/02/03/belize-and-the-dominican-republic-sign-an-agreement-to-
outlaw-shark-fishing/ 
19 www.iucnssg.org 
20 www.iucnredlist.org 
21 www.pewenvironment.org 
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has helped develop educational material for the Bahamas and other shark sanctuaries and would be 
willing to make that available to Dutch Caribbean initiatives as well as to give local presentations to the 
public and decision makers. PEW told of plans of the Dominican Republic to designate a shark sanctuary 
as well, and plans of several other countries for shark conservation measures, among which Jamaica. 
  
PEW will send us: 
 A compendium of shark management methods as applied in other nations 
 Contact information and introduction to the shark sanctuary managers and researchers in 
Venezuela 
 Material of the public education campaign against the “nuisance killing” of shark bycatch in the 
Bahamas  
 Further information on the Caribbean Sea Commission meeting in Trinidad & Tobago of 6 
November 22. The Dutch islands  (Netherlands Antilles) have been associated members, but this 
needs to be picked up again, if it hasn’t been done already. 
5.4.3  PADI project AWARE 
Project AWARE Foundation is a global movement of scuba divers protecting oceans. Since there are 
millions of divers across the globe, their actions can have a huge impact. The focus is on two major 
ocean issues – Sharks in Peril and Marine Debris - where scuba divers are uniquely positioned to directly 
and positively affect real, long-term change in these two areas23. For the Sharks in Peril program, 
actions focus on leading grassroots change and influencing effective environmental policies. Project 
AWARE developed an instructor guide and study guide24 to raise awareness amongst divers about the 
ecology, threats and value of sharks. It calls for action, e.g. to advocate for shark protection amongst 
local policy makers, join campaigns and support local marine protection measures. It also provides 
responsible environmental guidelines for diving with sharks.      
5.4.4 Earthwatch 
Shark conservation in Belize25 researches whether protected reef areas are effective in helping 
populations recovery. A goal of the project is to better describe the niche of the dominant shark species 
on the Belize Barrier Reef, including Caribbean reef shark, nurse shark, Caribbean sharpnose, great 
hammerhead, blacktip shark, lemon shark, silky shark, night shark and tiger sharks. A tag and release 
program is implemented using hook-and-line shark fishing gear (and seine nets?). Tissue samples are 
collected from tagged sharks and from local fishermen’s catches. Associated environmental data like 
water quality, salinity and pH are collected. Habitats are recorded by means of snorkel surveys and video 
is used to record abundance and diversity of coral and fish species.  
5.4.5 The Shark Alliance 
The Shark Alliance is a not-for-profit coalition of NGOs dedicated to restoring and conserving shark 
populations by improving European fishing policy. Because of the influence of Europe in global fisheries 
                                                 
 
22 http://www.acs-aec.org/index.php?q=csc 
23 http://www.projectaware.org/about-movement 
24 http://www.projectaware.org/resource/aware-shark-conservation-diver-action-kit 
25 http://www.earthwatch.org/europe/exped/chapman.html 
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and the importance of sharks in ocean ecosystems, these efforts have the potential to enhance the 
health of the marine environment in Europe and around the world26.  
5.4.6 WWF Caribbean Marine Alliance 
The Caribbean Marine Alliance is a collaboration between World Wildlife Fund (WWF) offices in the 
Caribbean region to lobby for common interests i.e. sharks, turtles and Marine Protected Areas. Currently 
the Caribbean Marine Alliance is in the process of developing a shark and turtle inventory in selected 
countries in the Caribbean. The latter is not an official document as part of the WWF Global Shark 
strategy (M. Bottema, pers. comm.). 
5.4.7 Curacao Yacht Club Annual International Billfish Tournament 
The Leeward Dutch islands are in an important area for billfishes and the nearby La Guaira Bank of 
Venezuela is about the best billfishing area of the whole Caribbean (Levine, 2006). Consequently, the 
Curacao Yacht Club (CYC) and many other regional yacht clubs hold annual billfish tournaments in the 
first months of the year. In March 2013 the CYC 47th Annual International Billfish Tournament was held 
by the CYC. Typically a total of some 30 teams from the Dutch Islands, USA, Venezuela and the 
Dominican Republic participate. During these tournaments all billfishes are released but other species are 
typically retained. Sharks are rarely caught but the awareness of sport fishermen with respect to the 
plight of billfishes, could also be applied to sharks and represents a valuable  opportunity for community 
involvement in shark conservation. 
                                                 
 
26 
http://www.sharkalliance.org/v.asp?rootid=3&level1=3&level1id=3&level2=7076&level2id=7076&nextle
vel=7076&depth=2 
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6 Legal context for a shark protection plan 
This chapter describes the legal context that needs to be considered when establishing a shark protection 
plan. Such legal context that applies to a shark protection plan can refer to international, regional, 
national and insular levels. 
6.1 International 
6.1.1 Stockholm, 1972 
The UN 1972 Stockholm “Declaration on the Human Environment” and the “Action Plan for the Human 
Environment” highlight and recognize international obligations and point to the means to ensure 
compliance (via the 109 recommendations from the Action Plan). The Stockholm conference was the first 
global environmental meeting of governments, which stated that long-term economic progress needs to 
be linked with environmental protection. According to this declaration, natural resources, including flora, 
fauna and representative samples of natural ecosystems, must be safeguarded for present and future 
generations through careful planning and management (Sohn, 1973). In Rio 1992 (see CBD below) this 
Declaration was reaffirmed and built upon. 
6.1.2 CITES, 1973 
The Convention on International Trade in Endangered Species of Flora and Fauna (CITES) is an 
international agreement between governments. Its aim is to ensure that international trade in specimens 
of wild animals and plants does not threaten the survival of endangered species. States that have agreed 
to be bound by the Convention ('joined' CITES) are known as Parties. Although CITES is legally binding, 
it does not take the place of national laws. Rather it provides a framework to be respected by each Party, 
which has to adopt its own domestic legislation to ensure that CITES is implemented at the national level 
(CITES, 1979). 
 
The convention is legally binding for signatory parties under which also the Kingdom of the Netherlands. 
For the Caribbean Netherlands, the national legislation that makes implementation possible is the Nature 
Conservation Framework Act BES (Wet grondslagen natuurbeheer- en bescherming BES). For Aruba, 
Curaçao and St. Maarten this has also been seperately arranged via their national legislation. 
 
CITES only applies to international traffic and trade but not to local protection. Such needs to be 
arranged separately, both with respect to species protection and habitat protection. Up to now only few 
shark species have been included in the three CITES listings (Appendices I, II and III).  
 
• Appendix I is a list of about 820 species in danger of extinction (Fowler et al., 2005) for which all 
international trade is forbidden. As for sharks, this category only includes the sawfishes (Pristidae 
spp), two of which are known from the Caribbean, and at least one of which has been documented in 
the Dutch Caribbean. 
• Appendix II is a list with approximately 29.000 species (Fowler et al., 2005) that may be threatened 
with extinction unless trade is regulated and controlled. Trade is only allowed if taking has been 
legal, and has been demonstrated to be sustainable. Until the beginning of this year, for sharks this 
pertained to three species, the Basking shark Cetorhinus maximus, the Great white shark 
Carcharodon carcharias and the whale shark Rhincodon typus.  
 
However, in March 2013, CITES decided to grant an additional five species of sharks and all species of 
manta rays CITES protection against international trade by including them in Appendix II. These are the 
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oceanic whitetip (Carcharhinus longimanus), scalloped hammerhead (Sphyrma lewini), great 
hammerhead shark (Sphyrna mokarran), smooth hammerhead shark (Sphyrna zigaena) and the 
porbeagle shark (Lamna nasus). Entering into effect as of 14 September 2014, they will have to be 
traded with CITES permits and evidence will have to be provided that they are harvested sustainably and 
legally. Marine species have traditionally been difficult to qualify for CITES listings due to lack of 
knowledge and due to their often wide distribution which makes it difficult to demonstrate the need for 
listing. Therefore, 2013 represents a major milestone in CITES involvement in marine species protection. 
 
• Finally, Appendix III is a listing of about 230 species (Fowler et al., 2005) that are identified by 
member nations as endangered and managed unilaterally in their national legislation. Listing in 
Appendix III obligates all member states to cooperate the registration and control of all trade 
concerning these species. At present there are no shark species on this listing.   
6.1.3 MARPOL, 1973/1978 
The International Convention for the Prevention of Pollution from Ships (MARPOL) is the most important 
convention for the protection of the marine environment from ship pollution from accidental or 
operational causes. This convention is of ultimate relevance to the conservation of marine sharks, 
because as apex predators they are probably vulnerable to the trophic concentration of dangerous man-
made contaminants (e.g. Kumar et al. 2009). The convention has been ratified by the majority of states 
relevant for international maritime transport based on the percentage of the world tonnage they 
represent. The Convention contains regulations for the prevention of pollution and Annex I requires all 
new oil tankers to have double hulls to reduce the risk of accidental discharge. Annex II contains 
regulations and discharge criteria and measures for noxious liquid substances in bulk. Annex III governs 
pollution by harmful substances carried in packaged form. Annex IV governs the control of sewage 
pollution at sea and Annex V regulates pollution by garbage and totally prohibits the dumping of all forms 
of plastic, which are consumed by large sharks (Cliff et al., 2002). Annex V also allows for the 
designation of some seas as special areas where stricter rules may apply. The Caribbean Sea including 
the Gulf of Mexico and Wider Caribbean Area were included in that list of special areas and this took 
effect in May 2011. 
6.1.4 CMS, 1979 
The Convention on the Conservation of Migratory Species of Wild Animals (also known as CMS or Bonn 
Convention) aims to conserve terrestrial, marine and avian migratory species throughout their range. It 
is an intergovernmental treaty, concluded under the aegis of the United Nations Environment 
Programme, concerned with the conservation of wildlife and habitats on a global scale. Important 
countries for Caribbean large migratory species like sharks, such as Venezuela, Colombia, Guiana and 
Suriname are not parties to this convention. This convention currently lists 3 shark species (great white 
shark, basking shark and giant manta ray) under Appendix I as “migratory species in danger of 
extinction throughout all or a significant proportion of their range”  and 8 shark species (great white 
shark, basking shark, whale shark, shortfin mako, longfin mako, porbeagle, spiny dogfish and giant 
manta ray) under Appendix II as “migratory species that have an unfavourable conservation status or 
would benefit significantly from international cooperation”. Appendix I aims to a) conserve and restore 
habitats of the species which are of importance in removing the species from danger of extinction; b) 
prevent the adverse effects of activities that seriously impede or prevent the migration of the species; 
and c) prevent factors that are endangering the species, including the strict control of introduced exotic 
species. For species listed under Appendix II CMS provides a mechanism for the development of 
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international agreements for their conservation and management, ranging from legally binding treaties 
to less formal instruments, such as Memoranda of Understanding. 27 
The Kingdom of the Netherlands is party to this convention as well. The for the Dutch Caribbean relevant 
sharks listed under this treaty at present are the whale shark, the basking shark, the shortfin mako and 
the manta ray (Appendix A).  
6.1.5 UNCLOS, 1982 
The most comprehensive international agreement on the seas is the United Nations Convention on the 
Law of the Sea of 1982 (UNCLOS III) which came into force in 1994, and the Kingdom of the Netherlands 
is a contracting party. UNCLOS lists 72 species of migratory sharks as needing international 
management. Twenty of these species are reported in the ICCAT catches. 
Article 194(5) further states that “measures must be taken to protect and preserve rare or fragile 
ecosystems as well as the habitat of depleted, threatened or endangered species”. Finally, Article 244(2) 
encourages States to “actively promote the flow of scientific data and information and the transfer of 
knowledge resulting from marine scientific research.” 
6.1.6 CBD, 1992 
The Convention on Biological Diversity is dedicated to promoting sustainable development. Conceived as 
a practical tool for translating the principles of Agenda 21 (of the 1992 UN Conference on Environment 
and Development) into reality, the Convention recognizes that biological diversity is about more than 
plants, animals and microorganisms and their ecosystems – it is about people and our need for food 
security, medicines, fresh air and water, shelter, and a clean and healthy environment in which to live. 
Therefore it puts sustainable development as the foundation for environmental protection. The Kingdom 
of the Netherlands has been party to the Convention of Biological Diversity since 1992. 
Principle 4 of this convention is instructive: "In order to achieve sustainable development, environmental 
protection shall constitute an integral part of the development process and cannot be considered in 
isolation from it”. Principle 7 emphases that states should “cooperate in a spirit of global partnership to 
conserve, protect and restore the health and integrity of the Earth's ecosystem”. Principle 12 encourages 
consensus before taking action to deal with global or trans-boundary environmental issues. It recognizes 
that effective environmental governance will only be sustainable with the participation of all 
stakeholders. 
In the context of the Convention on Biodiversity (CBD), at present there is a process underway to 
designate Ecologically or Biologically Significant Marine Areas (EBSAs). While this initiative and the 
criteria used are much broader than only shark protection, this initiative could also be used to help 
bolster shark protection. In a CBD EBSA workshop in March 2012 in Recife the Saba Bank was nominated 
for EBSA status (pp: 84-95 in UNEP CBD, 2012) which was granted at the COP 11 in October 2012 in 
Hyderabad. 
6.1.7 Ramsar, 1971 
The oldest international treaty of importance to coastal habitat important to marine sharks is the Ramsar 
wetlands convention, particularly with respect to habitat on Bonaire. Parties are obligated to protect and 
conserve designated aquatic habitat. For Bonaire the Ramsar wetlands of relevance to marine sharks are 
the 800 ha Lac Bay (a mangrove lagoon with important nursery function for several species), and the 
shallow coastal areas surrounding Klein Bonaire, an official Ramsar wetland and habitat to coastal 
sharks. In 2007 important jurisprudence was created when the Crown halted construction plans at Lac 
                                                 
 
27 http://www.cms.int/documents/index.htm 
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based on Ramsar treaty obligations (Verschuuren, 2008). Hence, this legislation provides very real 
protection to potential shark nursery habitat. 
6.2 Regional 
6.2.1 SPAW, 1990 
The principal international convention that relates to the protection of cetaceans at the regional level in 
the Caribbean area is the Cartagena Convention for the Protection and Development of the Marine 
Environment in the Wider Caribbean Region of 1983 and its protocols, particularly the “Specially 
Protected Areas and Wildlife Protocol”28. This convention was signed by the Netherlands Antilles on 24 
March 1983. It was ratified on 16 April 1984. The SPAW protocol was signed on 18 January 1990 and 
ratified on 2 March 1992. 
The Cartagena Convention was adopted in Cartagena, Colombia on 24 March 1983 and entered into force 
on 11 October 1986, for the legal implementation of the Action Plan for the Caribbean Environment 
Programme. 
The Cartagena Convention for the Protection and Development of the Marine Environment in the Wider 
Caribbean Region is a comprehensive, umbrella-agreement for the protection and development of the 
marine environment. This regional environmental convention provides the legal framework for 
cooperative regional and national actions in the Wider Caribbean Region. 
The Kingdom of the Netherlands is party to the United Nations Environment Programme’s Specially 
Protected Areas and Wildlife Protocol (SPAW) which consequently applies to all of the Dutch Caribbean 
entities. This Protocol has been internationally recognized as the most comprehensive treaty of its kind. 
The SPAW Protocol preceded other international environmental agreements in utilizing an ecosystem 
approach to conservation and was entered into force on 18 June 2000. 
The Protocol acts as a vehicle to assist with regional implementation of the broader and more demanding 
global Convention on Biological Diversity (CBD). The objective of the Protocol is to protect rare and 
fragile ecosystems and habitats, thereby protecting the endangered and threatened species residing 
therein. The Caribbean Regional Co-ordinating Unit pursues this objective by assisting with the 
establishment and proper management of protected areas, by promoting sustainable management (and 
use) of species to prevent their endangerment, and by providing assistance to the governments of the 
region in conserving their coastal ecosystems. 
The Protocol also assists with the promotion of and linkages to the Ramsar and CITES Conventions. The 
Protocol calls for the development and implementation of protection plans for endangered species. Three 
Annexes to the Protocol list species which are threatened or endangered, for which members of the 
Protocol are required to adopt appropriate measures to ensure their protection and recovery. For species 
listed under Annex I all forms of destruction or disturbance or commercial trade are prohibited. Annex II 
prohibits the taking, possession or killing (including the incidental taking, possession or killing) or 
commercial trade, and to the extent possible, the disturbance of species, particularly during periods of 
breeding, incubation or migration, as well as other periods of biological stress. Species listed under 
Annex III may be utilized on a rational and sustainable basis, but require management for their 
protection and conservation.29 
Sharks are not included in the Annexes yet. At the Conference of the Parties (COP 7) in October 2012 a 
very long list of species was proposed for listing, including 11 of the shark species present in the Dutch 
Caribbean (table 1 in Van Overzee et al. 2012). This longlist was not accepted, instead a shortlist of 
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priority species was requested, which will be discussed for inclusion in the next COP 8 in 2014/2105. This 
shortlist of 15 shark species includes 9 shark species present in the Dutch Caribbean (Appendix A). 
Clearly, Kingdom members are called upon to take active measures by implementing shark protection 
and management on a national basis. 
6.3 National 
The Kingdom of the Netherlands is formed by four constituent countries, the Netherlands (including the 
Caribbean Netherlands islands of Bonaire, St. Eustatius and Saba), Aruba, Curaçao, and St. Maarten. The 
jurisdictional zones involved in managing sharks in the Dutch Caribbean involve Kingdom maritime zones 
(EEZ waters), national waters of four countries, and island maritime zones for the islands of Bonaire, 
Saba and St. Eustatius. This amounts to eight jurisdictions at the various levels of government. In 
addition, several island governments have apportioned either all or part of the waters that fall under 
their authority a special legal status as “marine parks”. These form an additional jurisdictional category 
at the island (or national) level. 
In these various zones, sharks may be afforded protection by means of treaty obligations, or national or 
insular ordinances concerning general nature management, fisheries management, or marine parks. 
Another often-used possibility would be ordinances regarding animal welfare (particularly as regards 
captive live animals). However the latter type of legislation does not exist in the Dutch Caribbean. 
In this section we provide a rough assessment of the principal laws and ordinances which do (or which 
should) offer sharks legal protection so as to arrive at key recommendations on how to proceed further. 
6.3.1 Kingdom jurisdiction 
The Kingdom of the Netherlands declared an EEZ over which they carry authority with regard to the 
exploitation and management of biological marine resources. A management plan has recently been 
drafted for the EEZ (Meesters et al. 2010). In the Kingdom maritime zone the various international 
treaties (discussed above) to which the Kingdom is party provide the legal grounds for shark 
conservation and protection. 
Within the EEZ, surrounding the islands, lie the areas of insular jurisdiction. In the case of Aruba, 
Curacao and St. Maarten the island territorial waters actually concern national waters as these islands 
are separate nations within the Kingdom. These waters stretch out to 12 nautical miles from land. In the 
case of Bonaire, Saba and St. Eustatius, the 12 mile zones correspond to island-level legislation as these 
islands now are part of the Netherlands. Within the territorial waters several islands have further 
declared marine parks which may or may not extend outwards to the 12 mile zone, and may or may not 
encircle the whole island. 
6.3.2 Netherlands jurisdiction (Bonaire, Saba, St. Eustatius) 
Dutch mainland nature legislation does not apply to nature management in Bonaire, Saba and St. 
Eustatius. The EU Habitats Directive and the EU Birds Directive which together form the legal context for 
the Natura 2000 network of protected areas in European Netherlands do not apply. At the national level 
in the Caribbean Netherlands it is the Nature Conservation Framework Act BES (Wet grondslagen 
natuurbeheer- en bescherming BES) and Fishery Act BES (Visserijwet BES). 
 
The Nature Conservation Framework Act BES and Fishery Act BES provide the legal envelope for nature 
and fisheries management. Through these framework laws, the topics for which the Ministry of EZ carry 
significant and/or final responsibility include: 
1. nature policy research “BO” (Beleidsondersteunend Onderzoek), 
2. nature policy development, 
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3. legally required scientific research tasks “WOT” (Wettelijke Onderzoekstaken) which largely refer to 
baseline description and monitoring as required via various international treaty obligations, 
4. international representation and reporting for the various nature treaties, 
5. a national biological inventory “Milieu en Natuurbalans” and information systems, and 
6. nature policy, management, implementation in Kingdom seas (such as the EEZ, Saba Bank and 
sharks). 
 
While the island governments continue to carry their own management responsibility for island territory 
waters, this list does address many critical needs that are required for sustainable management of 
sharks, particularly with respect to the Kingdom waters. 
 
By this framework law, once every five years the Minister of Economic Affairs issues a nature 
management plan for Bonaire, Saba en St. Eustatius wherein attention is given to implementation of 
international treaty obligations (Art. 2). The island governments of each island separately issue a nature 
plan every five years which also addresses international treaty obligations (Art. 9), including that of 
protecting species listed in the CMS convention (Art. 12) and the SPAW protocol (Art. 13). Outside the 
territorial waters the nature management plan falls under full responsibility of the Minister of Economic 
Affairs. The first 5-year Dutch Caribbean Nature Policy Plan was completed in the beginning of 2013 
(MinEZ, 2013) and affords sharks a high priority for conservation policy development and 
implementation. The expressed ambition is for cetacean and shark conservation to reinforce each other 
(MinEZ, 2013).  
 
The Fishery Act BES also provides the Netherlands with instruments to regulate (shark) fisheries in all 
the waters surrounding the BES islands. This act regulates measures concerning fishing licence, fishing 
gear, and target species.  
6.3.3 Insular jurisdiction within the Caribbean Netherlands 
Each of the BES islands is required to pass island legislation implementing all international requirements 
as stipulated in the Nature Conservation Act BES. Only Bonaire is actually in compliance with this.  
6.3.3.1 Saba  
Saba Marine Environmental Ordinance (AB 1987, No. 10) 
The Saba Marine Environmental Ordinance makes no specific mention of sharks or of internationally 
protected species. Therefore sharks are not yet protected in Saba island waters. In the interim, and until 
which time that this situation is improved, Art. 8 provides a possible framework for partial protection. 
This article states that “activities which are harmful to the marine environment are not permitted in the 
Saba Marine Park” and that “it is prohibited to intentionally destroy the marine environment in the Saba 
Marine Park”. If these are interpreted broadly, then the article may afford sharks partial protection. 
However, no jurisprudence to this extent yet exists. Art. 17 further provides penalties for infractions 
(max. one month in prison of a fine up to NAF 5000,--), while Art. 18 defines infractions as 
“misdemeanors”. Art. 7 provides a framework for additional regulations to be issued based on a General 
Island Resolution. From this we conclude that grounds for legal protection of sharks in Saba is still 
deficient and Saba has to update its nature legislation to comply with the Nature Conservation Act BES. 
6.3.3.2 St. Eustatius  
St. Eustatius Marine Environmental Ordinance (AB 1996, No. 3) 
The St. Eustatius Marine Environmental Ordinance makes no specific mention of sharks or of other 
internationally protected species. Therefore sharks are not yet protected in St. Eustatius island waters. In 
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the interim, and until which time that this situation is improved, Art. 3 provides a possible framework for 
partial protection. This article namely states that “It is prohibited to commit acts that conflict with this 
Ordinance and damage the interests of the nature and environment within the underwater park of St. 
Eustatius”. Also, Art. 9 states that “It is forbidden to commit acts within the Statia Marine Park that 
damage or can damage the underwater environment”, and that “It is forbidden to commit acts 
intentionally that can destroy the underwater environment of the marine park”. If these articles are 
interpreted broadly then it may afford sharks partial protection. As far as known no jurisprudence to this 
extent yet exists. Art. 24 further provides penalties for infractions (max. one month in prison of a fine up 
to NAF 5000,--). Art. 25 defines violations as “misdemeanors”. In contrast to the Saba Marine Ordinance, 
the ordinance itself does not foresee possibilities for additions or amendments by General Island 
Resolution. However, (according to the St. Eustatius National Parks marine parks management plan) 
treaties implemented by the National (Netherlands Antilles) Nature Conservation Ordinance, such as 
CITES, SPAW protocol of the Cartagena Convention, CMS, and the CBD overrule regulations stipulated 
within this island ordinance. From this we can conclude that there appear to be some grounds of support 
for effective legal protection of sharks in St. Eustatius, but that an update is dearly needed and St. 
Eustatius needs to update their nature legislation to comply with the Nature Conservation Act BES. 
6.3.3.3 Bonaire  
Bonaire Island Nature Ordinance (AB 2008, No. 23) and Island Resolution (AB 2010, No.15) 
Under Art. 11, the Island nature Ordinance establishes all CITES Appendix I, Bonn-convention Appendix 
I, SPAW Appendices I and II and the FAO International Action plan for Sharks (IAS) Appendix I species 
as protected in the territory of Bonaire. The same article provides the ability to include additional 
protected species based on an island resolution. This has been done by means of Island Ordinance AB 
2010, No. 15 in which all sharks and three rays (Manta ray Manta birostris, Southern stingray Dasyastis 
Americana and Spotted eagle ray Aetobatus narinari) are added as protected species in Bonaire island 
waters. Art. 27 further provides penalties for infractions (max. one month in prison and fines up to NAF 
5000,--). Up to now, of all Dutch Caribbean islands, Bonaire has the most extensive protective 
legislation. Nevertheless, enforcement remains a problem. 
6.3.4 Insular jurisdiction for Kingdom island nations 
6.3.4.1 St. Maarten  
St. Maarten Nature Conservation Ordinance (AB 2003, No. 25) 
This St. Maarten ordinance designates all species listed in the Appendices of the Bonn Convention, 
Appendices I and II of the SPAW Protocol, and Appendix I of the CITES Treaty as protected species in St. 
Maarten (Art. 16). This article also provides the possibility to designate additional species as protected or 
to set special regulations for species listed in addendum III of SPAW by means of a General Island 
Resolution. Art. 17 provides additional scope for protection in that it adds that it is forbidden to kill, 
wound, capture or even disturb or upset protected species. However, no definitions are provided for the 
concepts of “disturb” or “upset”, leaving these definitions open for interpretation. Also, the whole 
ordinance provides no mention of sanctions or fines. As a consequence, of inbuilt weaknesses, this 
ordinance only provides limited scope for actual protection of sharks in St. Maarten waters. 
 
St. Maarten National Ordinance on Maritime Management (PB 2007, No. 18) and National Fisheries 
Ordinance (PB 1991, No 74) 
Notwithstanding these limitations, on 12 October 2011 the government of St. Maarten via the Ministry of 
TEATT (Tourism, Economic Affairs, Transport and Telecommunications) issued a temporary moratorium 
on shark fishing in accordance with Art. 4 of the St. Maarten National Ordinance on Maritime 
Management (landsverordening Maritiem Beheer (PB 2007, No. 18) and Art. 5 of the National Fisheries 
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Ordinance (Visserijlandsverordening (PB 1991, No. 74) which provides for temporary closures and 
moratoria. The shark fishing moratorium prohibits the take and landing of sharks and requires immediate 
release of incidentally caught sharks, under penalty of a maximum of  500,000 Antillean Guilders or 3 
months in prison.  
6.3.4.2 Curaçao  
Curacao Fishery Laws of 2007 and 2009 (AB 2007, No. 117 and AB 2009, No.48) and National Fisheries 
Ordinance (PB 1991, No 74) 
The Curacao Fishery Laws of 2007 and 2009 (AB 2007, No. 117 and AB 2009, No.48) provide no 
restrictions on shark fishing and do not provide the possibility of adding species for protection. However, 
as in St. Maarten the National Fisheries Ordinance (Visserijlandsverordening (PB 1991, No. 74) of the 
former Netherlands Antilles has also been inherited by Curaçao. This does offer a mechanism for 
additional fishery regulation such as temporary closure and moratoria of certain types of fisheries.   
 
National Nature Policy Ordinance (PB 1998, No. 49) 
In addition, the National Nature Policy Ordinance (landsverordening grondslagen natuurbeheer en -
bescherming (PB 1998, No. 49) of the former Netherlands Antilles does provide legal protection for all 
species listed in Appendix I of the CMS (art. 8c), Appendix I of CITES (Art. 6 en7) en appendices I en II 
of the SPAW protocol (Art. 8a en 8b). The available legislation provides only limited scope for 
implementing effective protection of sharks. 
 
 
Figure 13. A valuable dive touristic potential in Curacao lost, juvenile Caribbean reef sharks landed in 
Daaibooi, Curaçao in November 2013 (Photo: G van Buurt) 
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6.3.4.3 Aruba 
Aruba has a 5-year nature policy plan with realistic and achievable goals and objectives as well as a 
longerterm vision on sustainable nature conservation and development. The nature policy ordinance of 
1995 (natuurbeschermingsverordening (AB 1995 No. 2) prohibits the killing or wounding of all CITES and 
SPAW species (Art. 13). Not only the nature management ordinance natuurbeschermingsverordening but 
also the fishery ordinance visserijverordening (AB 1992 No. 116) and supplemental fishery ordinance (AB 
1993 No. 15) mention measures towards protection of the fishery resources, but sharks are not 
specifically mentioned.  
6.3.5 Overall assessment 
In general terms it can be concluded that the network of legislation offering protection to sharks in the 
Dutch Caribbean is largely incomplete. In some cases sharks are not defined as protected species and in 
others legislation is in place but no sanctions are stipulated and no enforcement implemented, etc. 
Upgrading insular and island community legislation on a case by case basis is recommended. However, it 
may be advisable to develop separate new legislation specifically for shark protection (especially for the 
EEZ) and that the various jurisdictions may (then) upgrade island legislation as best as possible. 
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7 Feasibility for a shark sanctuary  
The following main objectives can be identified for a national shark plan: 
1. Broaden the knowledge of shark species and the status of shark populations 
2. Ensure that fisheries activities are sustainable either by prohibiting catch, or by regulating catch 
and bycatch of sharks and Illegal, Unreported and Unregulated (IUU) fishing of sharks 
3. Ensure that an adequate management framework is in place. 
4. Ensure that an effective communication, education and outreach strategy is implemented. 
 
These objectives were inspired by the FAO International Plan of Action Sharks and the European Union 
Action Plan for the Conservation and Management of Sharks.  
 
One highly successful measure to achieve objective 2 is through the implementation of large shark 
sanctuaries of which there are nine worldwide, three of which have been established in the Greater 
Caribbean since 2011 (Bahamas, Honduras, Venezuela).    
 
Favourable pre-conditions for establishment of a Dutch Caribbean shark sanctuary include the fact that: 
a) many sharks occurring in the Dutch Caribbean are internationally recognized as Red-list species, 
b) in St. Maarten and Bonaire sharks are presently afforded legal protection (respectively in part 
and all of the island waters), 
c) the most deleterious fishing practices (longlining, purse seining and gillnetting) are already 
significantly limited and controlled within Kingdom waters, 
d) the key enforcer at sea, namely the Coastguard, is already strongly present (largely due to other 
reasons), 
e) the islands generally have a strong tradition of marine protected areas in coastal habitat, 
f) the incremental costs for research and enforcement needed to establish a sanctuary is modest, 
g) there is no significant shark fishery and indigenous fishery practices do not conflict with shark 
conservation, 
h) shark watching is growing in popularity (starting in St. Maarten), 
i) there is a growing regional network of shark sanctuaries (even nearby in Venezuela) which 
enriches the ecological context in support of sanctuary establishment, 
j) a shark sanctuary would significantly reinforce and (in turn) be reinforced by the presently 
advanced Kingdom plans to establish a Marine Mammal Sanctuary.  
 
The typical conditions for success in shark management are dependent on having a broad enough 
scientific database and an understanding of the drivers of shark populations and ensuring that measures 
are embedded in policy and management. However, by the use of large shark sanctuaries, which is a 
holistic approach which provides simultaneous protection to sharks as species and their required habitat 
the information need for success is simplified. Typically a Shark Sanctuary and Action Plan (SAP) will 
consider the following aspects that define the prospects for success:  
A. Database: are species-specific data available for the relevant aspects of biology and fisheries 
(life-history characteristics; distribution and habitat requirements; role in commercial or 
recreational fisheries; data on catch, by-catch and/or discards; ease of determination; protection 
in international treaties (CITES, CMS, IUCN)). 
B. Theoretical framework: is there a scientific base and understanding of the effects of fisheries 
or other forms of exploitation or threats on shark populations, or of the benefits of current 
management measures. 
C. Institutional/management framework: is there a management body capable of 
implementing the necessary management measures or a research institute capable of carrying 
out the relevant research and monitoring; are there mechanisms in place for the management of 
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transboundary species. Insight into present and future funding will also be needed, as well as 
cost effectiveness of measures, but has not been addressed yet.  
D. Stakeholder support; Implement a communication/outreach strategy to build support and 
engage key stakeholder groups such as fishermen and the dive sector (making use of A) 
 
The four levels of conditions for success can be addressed for the different aspects of a SAP in order to 
analyse the gaps in knowledge and institutional frameworks. This is shown in Table 7 as an example for 
the three broad SAP objectives. Following, in Tables 8-11 indicators to measure the conditions for 
success and data availability to quantify the indicators are listed for each of the specific actions. 
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Table 7. Assessment of the feasibility of a Shark Sanctuary and Action Plan with the conditions for success to achieve the three main objectives 
Shark Plan Objectives      A. Database B. Theoretical framework C. Institutional/ 
management framework 
D. Stakeholder 
support 
1. Broaden knowledge 
of shark species 
and the status of 
stocks and 
populations 
Overview of available 
biological and ecological 
data 
Estimates of biomass or CPUE 
available; length-frequency data; 
insight into habitat use 
Identification of relevant 
research institute(s) and 
research programs 
Communicate 
knowledge to the 
general public and 
stakeholders to build 
support 
2. Ensure that 
fisheries activities 
are sustainable 
Fisheries data 
Market surveys 
Trade data 
Estimates of exploitation rates or 
(fishing) mortality 
Insight into threats to shark 
populations 
Legislation from government 
Relevant fisheries institutes 
Participation of RFMOs 
Outreach program to 
build support among 
(commercial, 
recreational and 
game) fishers 
3. Ensure that an 
adequate 
management 
framework is in 
place 
Overview of current 
management plan(s) and 
protection in (inter)national 
treaties 
Method for measuring 
effectiveness of management 
measures 
Government, local 
government and NGOs 
RFMOs 
(Inter)national treaties 
Regularly report 
achievements to 
stakeholders 
4. Ensure that an 
effective 
communication, 
education and 
outreach strategy 
is implemented 
Communication of and easy 
access to knowledge to build 
stakeholder support 
Adequate methods and tools for 
effective consultation, involving all 
stakeholders in research, 
management and educational 
initiatives 
Dedicated capacity for 
communication and education 
among government, local 
government and NGOs  
 
 
 
Once a gap analysis has been done, the level of compliance with the needs for a successful SAP will be clear and a plan for extra research, management 
actions, political lobby etc. can be made. 
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7.1 Broaden knowledge of shark species and status of stocks and populations  
Table 8. Indicators to measure conditions of success to achieve the first objective of  a Shark Sanctuary and Action Plan: broaden the knowledge of shark 
species and the status of stocks and populations 
 Indicator Data availability 
A. Database 
Overview of available 
biological and ecological data 
Life history characteristics 
Ease of determination 
Main habitat  
Distributional range 
 
All indicators and ID key for species identification are available 
for most species (see chapter 2.2). However, not for one of the 
most common species, the Caribbean reef shark.  
No detailed information on distributional range and habitat, 
also connectivity of habitats is important in distributional 
range. 
B. Theoretical framework 
Estimates of biomass or CPUE 
available; length-frequency 
data; insight into habitat use 
Habitat use - nursery areas 
 
Lesley matrix: determine replacement mortality based 
on fecundity and age at maturity 
Stock assessment biomass or CPUE 
Stock assessment length-frequency data 
No detailed information, but coastal areas have been identified 
as important, also for large oceanic sharks during their life 
cycle 
Information available for 14 species30 to do a rough estimate 
of replacement mortality.  
Not yet, IMARES fish and fisheries surveys started in 2012 
Not yet, IMARES fish and fisheries surveys started in 2012 
C. Institutional/ 
management framework 
Identification of relevant 
research institute(s) and 
research programs 
Identification of research institutes and programs  
 
IMARES fish and fisheries monitoring programs (since 2012) 
Sea Saba diver observation program (since 2012) 
Local support from fishermen, divers and native residents (see 
outcome questionnaire stakeholder perception in chapter 4.3) 
Investigate further as part of this project 
 
 
 
                                                 
 
30 Whale shark (Rhincodon typus); Blacktip shark (Carcharhinus limbatus); Lemon shark (Negaprion brevirostris); Bull shark (Carcharhinus leucas); 
Tiger shark (Galeocerdo cuvier); Oceanic white-tip shark (Carcharhinus longimanus); Silky shark (Carcharhinus falciformis); Blue shark (Prionace 
glauca); Scalloped hammerhead (Sphyrna lewini); Bonnethead shark (Sphyrna tiburo); Shortfin mako (Isurus oxyrinchus); Thresher shark (Alopias 
vulpinus); Spotted eagle ray ( Aetobatus narinari); Giant manta ray (Manta birostris) 
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D. Stakeholder support 
Communicate knowledge to 
the general public and 
stakeholders to build support 
Raise national awareness of the vulnerability of sharks 
and their role in the ecosystem, current threats, 
population status, safe swimming and safe diving 
guidelines. 
Educate resource users about the rationale for and use 
of recorded shark catch data, and techniques to 
improve shark species identification 
 
 
 
 
Sea Saba diver observation program (since 2012) can be used 
as a model to build upon 
 
Special attention for: 
IUCN: implement as a matter of priority scientific advice for protecting habitat 
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7.2 Ensure that fisheries activities are sustainable 
Table 9. Indicators to measure conditions of success to achieve the second objective of  a Shark Sanctuary and Action Plan: ensure fisheries are sustainable 
 Indicator Data availability 
A. Database 
Fisheries data 
Market surveys 
Trade data 
Role in commercial or recreational fisheries: 
 In the Dutch Caribbean 
 In the Wider Caribbean 
 
Catch data 
Discard data and/or observer programs 
 
Market data 
Trade data 
 
Yes, only bycatch in commercial fisheries, some IUU, ask 
fisheries departments for recreational fisheries 
Yes, some information on shark fisheries in Caribbean region 
available (see chapter 5.1.2). Investigate further if needed. 
Yes, monitoring program on Saba, Statia and (pilot) Bonaire 
registers bycatch during port sampling as well as discards 
during onboard sampling; also anecdotal information 
Unknown, try to investigate further at CITES or CMS 
Unknown, but 6 of the 24 species are listed on most recent 
(2013) CITES Appendix II and 1 species is listed on Appendix I 
B. Theoretical framework 
Estimates of exploitation rates 
or (fishing) mortality 
Insight into threats to shark 
populations 
Threats to shark populations 
PSA: Productivity & Susceptibility Analysis at meta-
population level (NOAA method) 
Exploitation rate 
Fishing mortality – including bycatch 
IUCN  status and descriptions 
Not yet, planned in 2014 for 14 species31  
 
No, investigate further, also for the Caribbean region 
No, investigate further, also  for the Caribbean region 
C. 
Institutional/management 
framework 
Legislation from government 
Relevant fisheries institutes 
Participation of RFMOs 
 
 
 
Improvements to current national legislation 
Identification and participation in RFMOs 
Identification of relevant fisheries institutes and/or 
universities dealing with shark fisheries 
Not yet, recommendations made as part of this project 
Yes ICCAT and CRFM (see chapter 5.1.2) 
Yes, various initiatives see chapter 5.3.5. In this context it is 
important to learn from initiatives in the region, such as 
Honduras (see also chapter 4.2) 
                                                 
 
31 A qualitative PSA (high, medium, low) can be attempted for the 14 species mentioned in Footnote 1, based on the generalised fisheries information. 
More detailed information on the distribution and type of fisheries is needed for a quantitative approach.  
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D. Stakeholder support 
Outreach program to build 
support among (commercial, 
recreational and game) 
fishers 
Raise awareness amongst resource users of  
threatened species provisions, local regulations, 
reporting requirements and penalties. 
Raise awareness amongst resource users of the 
cumulative impact of shark bycatch, the need to return 
sharks to the sea and to maximise their chances of 
survival. 
 
Special attention for: 
IUCN: implement as a matter of priority scientific advice for preventing overfishing 
IUCN: protect sharks through ecological risk assessments 
IUCN: prohibit the removal of shark fins while onboard fishing vessels and thereby require landing of sharks with fins naturally attached 
IUCN: promote research on gear modifications, fishing methods and habitat identification aimed at mitigating shark bycatch and discard mortality 
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7.3 Ensure that an adequate management framework is in place 
Table 10. Indicators to measure conditions of success to achieve the third objective of  a Shark Sanctuary and Action Plan: ensure that an adequate 
management framework is in place 
 Indicator Data availability 
A. Database 
Overview of current 
management plan(s) and 
protection in (inter)national 
treaties 
Current national legislation/regulation and international 
treaties 
Yes 
B. Theoretical framework 
Method for measuring 
effectiveness of management 
measures 
Development of indicators for compliance and 
effectiveness for management measures such as closed 
areas or restrictions of exploitation 
Identify any confounding issues such as subsidies that 
increase overexploitation 
Partly, available from similar areas around the world only 
anecdotal data available for Dutch Caribbean 
 
 
Unknown – to be investigated 
C. 
Institutional/management 
framework 
Government, local 
government and NGOs 
RFMOs 
(Inter)national treaties 
Identification management body capable of 
implementing management measures e.g. local and 
national government, NGOs, RFMOs, regional and 
international treaties 
Identification of mechanisms in place for the 
management of transboundary species  
Ensure compliance with international treaties 
There are 6 relevant national initiatives but there is little 
coordination or specific attention for sharks.  Regional: there is 
a Caribbean protocol - the UNEP Specially Protected Areas and 
Wildlife Protocol (SPAW) which assists with regional 
implementation of CBD and RAMSAR, although sharks on not 
yet high on the agenda. 
ransboundary: CBD (2012) recommendation for protection of 
Saba Bank (EBSA status) (see chapter 5.1.2) and PSSA 
FAO Code of Conduct for Responsible Fisheries for wider 
Caribbean under development but Netherlands not (yet) 
engaged (see chapter 5.3.1) 
D. Stakeholder support 
Regularly report 
achievements to stakeholders 
Incorporate this in a communication and education 
strategy (see 7.4) 
 
 
Control of access, technical measures including strategies for reduction of shark bycatches and support for full use of sharks (FAO, 1999). 
Given the wide distribution range of sharks, including on the high seas, and the long migration of many species it is increasingly important to have 
international cooperation and coordination of shark management plans (FAO, 1999). 
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7.4 Ensure that an effective communication and education strategy is implemented 
Table 11. Indicators to measure conditions of success to achieve the forth objective of  a Shark Sanctuary and Action Plan: ensure that an effective 
communication/outreach strategy is implementedbroaden the knowledge of shark species and the status of stocks and populations 
 Indicator Data availability 
A. Database 
Communication of and easy 
access to knowledge to build 
stakeholder support 
Raise national awareness of the vulnerability of 
sharks and their role in the ecosystem, current 
threats, population status, safe swimming and 
safe diving guidelines. 
Raise awareness amongst resource users of  
threatened species provisions, local regulations, 
reporting requirements and penalties. 
Raise awareness amongst resource users of the 
cumulative impact of shark bycatch, the need to 
return sharks to the sea and to maximise their 
chances of survival. 
Educate resource users about the rationale for 
and use of recorded shark catch data, and 
techniques to improve shark species identification 
Not known, some level of awareness raising by fisheries 
departments and marine parks in youth programs may be 
available. 
Regional awareness raising programs may be available through 
e.g. PEW Environment 
 
 
 
 
 
 
Sea Saba diver observation program (since 2012) can be used 
as a model to build upon 
 
B. Theoretical framework 
Adequate methods and tools 
for effective consultation, 
involving all stakeholders in 
research, management and 
educational initiatives 
Identification of stakeholder groups (fisheries and 
conservation agencies, commercial fishers, 
recreational fishers, game fishers, tourism 
operators e.g. shark diving, scuba operators and 
research agencies). 
Development of an appropriate communication 
strategy through awareness raising and education 
programs aimed at the above stakeholder groups 
and incorporating the above indicators (see A.) 
Assessment existing shark species identification 
guides and development of island specific (if 
applicable), culturally appropriate (local names) 
guides. 
Develop measures to monitor effectiveness of the 
communication strategy and species guides. 
Not known, some communication and education strategy may be 
available. 
Regional awareness raising programs may be available through 
e.g. PEW Environment 
 
 
 
 
ID key for species identification available for most species 
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C. 
Institutional/management 
framework 
Dedicated capacity for 
communication and education 
among government, local 
government and NGOs  
Identification management body capable of 
implementing a communication and education 
strategy e.g. local and national government, 
NGOs 
Identification of mechanisms in place for the 
management of transboundary species  
Ensure compliance with international treaties 
 
IMARES fish and fisheries monitoring programs (since 2012) 
Sea Saba diver observation program (since 2012) 
Local support from fishermen, divers and native residents (see 
outcome questionnaire on stakeholder perception in chapter 4.3) 
Investigate further as part of this project 
72 of 104 Report number C209/13 
7.5 Gap analysis 
From the tables above it is clear that the level of compliance with the needs for a successful Shark Action 
Plan and the implementation of a shark sanctuary are not met in many cases. Specifically it is important 
to address the following: 
1. Broaden the knowledge of shark species and the status of stocks an populations 
 Set up collaborative research projects to collect species specific information on 
abundance, distribution, life cycle and habitat use 
 Engage local awareness and coordinate with international research initiatives 
2. Sustainable fisheries 
 Improve fisheries data – also for recreational fisheries 
 Communicate protected status of species – especially those on the CITES list 
 Learn from initiatives in the region – e.g. Honduras, Venezuela and Bahama’s 
3. Adequate management 
 Coordinate initiatives at local, regional and international levels and ensure that the 
Netherlands engages in the wider Caribbean initiatives such as the FAO CCRF – contact 
Dutch representatives from the relevant ministries (EZ, OC&W)  
 As in 2. – learn from, but specifically engage with, initiatives in the area – e.g. 
Honduras, Venezuela and Bahama’s 
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8 Research 
The biology of elasmobranchs is among the most poorly known and least understood of all the major 
marine vertebrate groups (Fowler, 2005). This is particularly so for the Caribbean region and the Dutch 
Caribbean in specific, where our best information on sharks amounts to no more than a list of 
opportunistic and incidental observations. As of now, no actual data has been published on density, 
population structure or life-history characteristics (not even size and length measurements, or 
reproductive stage) of any native elasmobranch (e.g Van Beek et al., 2012). The conservation and 
scientific communities of the islands need to be much more aware and make better use of the 
opportunity of even opportunistic specimens to provide samples and data on the species found in the 
Dutch Caribbean.  
Even just the better use of opportunistic specimens and observations should allow important advances in 
knowledge for the Dutch Caribbean and should be included in any research plan. Due to their lack of 
sophistication, opportunistic approaches allow the involvement of non-specialist stakeholders which also 
helps stimulate public involvement, awareness and appreciation.   
 
One unique (with respect to the rest of the Dutch Caribbean) opportunity for research is provided by the 
easy availability of sharks (particularly nurse sharks) on the Saba Bank, an area that may be a nursery 
area for the species (Van Beek et al., 2013). The observations of high abundance (Toller et al., 2010) 
and high by-catch rates for juvenile nurse sharks in the lobster fisheries on the Saba Bank (Van Beek et 
al., 2013) suggests that the Bank may likewise serve such a function and that tagging studies, as which 
IMARES has experience with (e.g. Winter and Van Overzee, 2013), may be fruitfully conducted. Such 
studies on various species of Atlantic sharks which are also found in the Dutch Caribbean (e.g. Heupel 
and Simpfendorfer, 2002, black tip shark; Chapman et al., 2007, reef shark; Campana et al., 2009, blue 
shark; Gifford et al 2007, whale shark) may yield a wealth of information on growth, movements, 
survival and reproduction and can be of direct use in conservation and management. 
 
Further interesting research leads are the apparent healthy populations of deep-water sharks around the 
ABC islands (Debrot et al., in prep) and a second rare record for the basking shark which suggests that 
the deep waters of the Dutch Caribbean EEZ forms part of the migration route or wintering area for this 
globally endangered species.  
 
The skilful use of modern techniques (such as genetic analyses, telemetry and Baited Remote Video 
monitoring) can help circumvent the often low abundance (and low sampling) of many species, and 
should help develop powerful new insights and introduce new techniques to the region where capacity 
and technology have lagged behind. 
8.1 Genetic research 
Molecular genetic approaches provide a unique tool for the study of elasmobranchs. The great value lies 
in small tissue samples from live or dead individuals containing the complete nuclear and mitochondrial 
genomic information. Ecological and evolutionary research questions may be addressed by analyzing 
such samples that could hardly be investigated in such organisms by means of other methods. The 
application of molecular genetic techniques in sharks is especially useful as many of these nonmodel32 
                                                 
 
32 a model organism is a nonhuman species that is extensively studied to understand particular 
biological phenomena or patterns, with the expectation that discoveries made in this organism will then 
provide insight into the biology, life history, etc. of other organisms. A non-model organism on the other 
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marine species have an enigmatic life style that makes direct observation challenging. Application of 
genetic tools provides us with the opportunity to infer information about abundance and connectivity on 
a long-, medium-, and short-term spatial scale. This in turn facilitates inference of population status and 
reactions to anthropogenic and environmental impacts over time (Fietz, 2013).  
 
IMARES has established relationships with researchers of the Marine Evolution and Conservation 
(MARECon) working group of the Rijksuniversiteit Groningen, part of the Centre for Ecological and 
Evolutionary Studies (CEES), to apply genetic research in the Dutch Caribbean. Their specific area of 
expertise, the application of population genetic and genomic methods to basic and applied questions in 
conservation, ecology and evolution, has become a popular research tool33. PhD candidate Katharina 
Fietz, under supervision of Professor Per Palsbøll, has written a proposal for a genetic research 
component to complement the shark protection plan in the Dutch Caribbean.  
She proposed to select and investigate a key shark species as a model system that is affected by 
fisheries pressure, and to analyze the degree of isolation between different localities as well as past and 
current population sizes within the Dutch Caribbean and Greater Caribbean. Understanding the level of 
spatial heterogeneity as well as current and past population size will add to the knowledge foundation 
needed and enhance the predictive abilities regarding long-term effects of anthropogenic impacts on this 
marine apex predator.  
She further suggested to develop a more general long-term monitoring system integrating molecular 
methodology of directed and incidental shark fisheries. Combination of these approaches and 
complementation with other scientific techniques such as chemical fingerprinting, telemetry studies, and 
molecular investigation of prey species provides an ecosystem approach and promises acquisition of the 
data necessary to ensure the sustainable use of sharks by establishing appropriate conservation and 
management measures.  
8.1.1 Broader impacts of proposed activity 
Information for policy and management 
Results will have direct relevance for formulating fisheries management policies for the Dutch Caribbean. 
As sharks regulate the systems that fishermen rely on, implications are not only relevant for the 
respective shark populations, but also for associated ecosystem components (e.g. prey species), and in 
this regard for the local economy that depends on them as a food and income resource.  
 
Enhance infrastructure for research and education 
The proposed study enhances research on an ‘international’ level throughout the kingdom of the 
Netherlands. The use of new molecular technologies (e.g. ddRAD sequencing) will further the 
introduction of these genomic applications in wild non-model organisms and in marine populations that in 
the past have been particularly difficult to investigate.  
8.1.2 Focal key species 
The Caribbean reef shark Carcharhinus perezi is a suitable model organism to investigate the degree of 
spatial isolation in an exploited demersal shark. Despite a widespread distribution, it has low productivity 
with only 3-6 pups born every two years (Ebert et al. 2013). It is among the most common sharks 
encountered in the Caribbean and displays an inshore, bottom-dwelling distribution. Former acoustic 
monitoring studies have indicated year-round residency in certain areas and have shown that despite its 
                                                                                                                                                        
 
hand then is an organism that so far has not been so intensively studied and of which in return not so 
many details are yet known. 
33 http://www.rug.nl/research/marine-evolution-and-conservation/ 
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ability for extensive movements, it displays high site fidelity (Bond et al. 2012). These characteristics 
suggest high levels of population structure, with consequences for isolation and impacts on local 
populations by exploitation. Former studies have provided knowledge on population genetic structure and 
evidence of heterogeneous population structure in various shark species (e.g. Pardini et al. 2001, Duncan 
et al. 2006); however to our knowledge no such investigations have yet been conducted on C. perezi.    
8.1.3 Project description, sampling and experimental setup 
Objective and Sample Collection 
The project aims for a high-resolution population genetic approach in two areas of the Dutch Caribbean. 
The overall objective of this study is to shed light on the degree of isolation, dispersal, and connectivity 
of C. perezi populations in these areas and on a broader spatial scale. Further, past and current effective 
population size is to be estimated to help infer their current status.  
Samples may be collected from fisheries catches and landings as well as from biopsy sampling. In order 
to allow for unbiased and representative sampling, fisheries-dependent as well as independent sampling 
should be integrated and gathered from sharks throughout the regions of interest (i.e. both the ABC 
islands and the windward Dutch Caribbean islands). For the fisheries-independent samples, 
representative areas for biopsy sample collection are to be established in the course of this project in 
order to facilitate feasibility. Preliminary data analyses on a subset of already available samples will yield 
first results upon which a more directed sampling scheme can be defined.  
 
Laboratory Methods 
DNA Extraction: Total genomic DNA will be extracted according to the Qiagen DNeasy protocol.   
Genetic markers: A number of different types of genetic markers can be applied to investigate isolation 
between localities. The proposed study will apply Single Nucleotide Polymorphisms (SNPs). These have 
become the marker of choice for population genetic analyses in recent years as they are distributed 
evenly across the nuclear genome, are associated with both neutral and adaptive variation, and are 
relatively easy to genotype and reliably transferable among laboratories (Morin et al. 2004).  
Sequencing: Samples will be sequenced by double-digest restriction site associated DNA (RAD) 
sequencing and SNP markers will subsequently be identified.  
 
Data Analyses to investigate isolation between localities and population size 
Diversity and Structure: Population genetic statistics (major allele frequency, percent polymorphic loci, 
nucleotide diversity (π) and Wright’s F statistics FIS and FST) can be calculated for every SNP using e.g. 
the program Stacks. For bi-allelic SNP markers, π is a measure of expected heterozygosity and therefore 
a useful overall measure of genetic diversity in a population (Catchen et al. 2013). FIS measures the 
reduction in observed heterozygosity as compared to expected heterozygosity for an allele in a 
population, and positive values indicate nonrandom mating or cryptic population structure (Nei 1975, 
1987; Nei and Kumar 2000; Hartl and Clark 2006; Holsinger and Weir 2009). STRUCTURE analyses 
may be used to investigate the number of populations present in the dataset.  
Current and Past Effective Population Size: The effective population size (Ne) versus the census 
population size may be calculated. Supposing the presence of migration between populations, 
contemporary Ne may be estimated on the basis of linkage disequilibrium (LD) (Waples and England 
2011). Provided the presence of historic shark samples from the same area, a combined approach of 
LDNe calculation and ddRAD sequencing might be used to integrate Ne estimates from the historic 
population and thus be able to provide precise population size estimates of the past versus current 
populations. A sufficiently large historic sample set from the same study area and the same time period 
is required to facilitate this last step.  
Adaptive Traits: Molecular methods can inform about unique genetic adaptations. Identification of SNPs 
that appear to show signs of divergent selection between populations can be conducted using outlier 
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scans. These will be carried out between all population pairs using a Bayesian approach with the program 
BAYESCAN (for a detailed methods description, see Foll and Gaggiotti 2008).  
 
Protocol and Ex- and Import Permits 
A protocol for tissue sample collection in the field will be provided by K. Fietz and P. Palsboll.  
Permit issues have yet to be resolved. At this stage, K. Fietz and P. Palsboll do not hold import permits 
for the respective shark species.  
8.1.4 Expected outcomes  
Due to its observed high site fidelity and inshore life style C. perezi is expected to display considerable 
levels of isolation between sample localities. The proposed study will shed light on the degree of 
heterogeneity within the Dutch Caribbean populations of the species. Precise estimates of current and 
past effective population sizes will further provide detailed insight into the population development 
through time, and thereby facilitate estimations of the amount of anthropogenic impact this species has 
experienced. Outlier scans and the investigation of the underlying genes may provide indications on the 
factors driving adaptive divergence.  
 
8.1.5 Integrative opportunities of genetics and additional research  
Rather than being viewed as the sole, or a redundant tool, genetic studies should be considered 
complementary to other studies such as satellite tagging and chemical fingerprinting. A combination 
of the different methods can yield a very comprehensive picture of shark movements, connectivity 
patterns, and the degree of isolation, providing valuable baseline information for a shark conservation 
and management plan in the Dutch Caribbean. A combination of tagging and genetic studies for instance 
is valuable for addressing the differentiation between movement and real mixing (Do they breed while 
moving?), as well as for comparing present and past movements. Molecular analyses may for example 
detect multiple genetic stocks in the presence of adult movement throughout a region as demonstrated 
by tag/recaptures studies (Camhi et al. 2008).  
 
An Ecosystem Approach for the Dutch Caribbean 
In addition to a high-resolution population genetic study of a model study system, we propose the 
development of a long-term ecosystem approach to facilitate comprehensive assessment of shark stocks 
in the Dutch Caribbean and on a broader spatial scale. We suggest various research activities that may 
contribute to this assessment. 
 
Development of a long-term Fisheries Monitoring and Biopsy Sampling System 
Two particularly important conservation issues lie in the abundance of species of concern: i) species that 
are very common, but at the same time heavily exploited and/or their habitats are threatened (e.g. blue 
shark); and ii) species that are rare, might have only low effective population sizes, and are therefore 
vulnerable. Especially the latter are often understudied as data acquisition is difficult, but may be the 
most threatened ones. The development of a long-term fisheries monitoring and biopsy sampling system 
can provide the data necessary to investigate these two species groups of special management needs. In 
addition to collecting port and onboard samples in the already established monitoring system, we 
propose to assist in a) an expansion of the fisheries monitoring system in the Dutch Caribbean, and b) 
the development of a biopsy sampling system. Both will contribute substantial information on the amount 
and composition of elasmobranch bycatch in order to estimate whether direct and non-direct shark 
fisheries are sustainable. As mentioned above, fisheries-dependent as well as independent sampling 
schemes should be integrated, and representative areas should be chosen for fisheries-independent 
sampling to facilitate feasibility and to avoid bias. Regarding biopsy sampling, we suggest to investigate 
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opportunities to take advantage of the already in-use BRUVs. Possibilities may exist to install remote 
biopsy sampling devices on BRUVs that would greatly expand the amount of individuals and diversity of 
species sampled, while circumventing shark netting.  
 
Installation of a Video Monitoring System of Fishing Vessels 
Installation of a video monitoring system on fishing vessels complements tissue sampling and facilitates 
a) investigation whether random tissue samples taken from catches are representative, or if there is a 
bias towards e.g. exclusion of rare species; b) calculation of data biases collected from landed sharks 
(more precise information on species-specific catch versus landings data); and c) estimation of the 
reliability of interview data. This system may be particularly important for pelagic species (e.g. blue, 
thresher, silky, hammerhead sharks); these are more difficult to monitor due to their rare occurrence, 
though are in particular need of appropriate conservation measures due to their wide dispersal and 
exposition to international fishing fleets.  
 
Mapping of Feeding Habits 
It is possible to map the feeding habits of sharks caught in fisheries activities to yield information of prey 
composition and origin. This may be achieved by molecular stomach contents analyses to a) identify prey 
species, and to b) sample these same prey fish/cephalopod species on site. Possibilities then exist to 
assign prey to its source population and thereby acquire knowledge on shark spatial habitat use. The 
outcomes will be valuable on various scales: i) addressing the Dutch Caribbean at two dimensions (within 
the leeward and windward Dutch Caribbean islands, respectively, and between the two groups), and ii) 
on a more regional scale (historic and current Ne estimates). 
8.2 Telemetric research 
Telemetry is a sophisticated method to collect data at remote or inaccessible locations, using data 
storage (archival) tags or data transmitters to transfer data. Common wireless data transfer mechanisms 
are electromagnetic radiation (radio), acoustics (sound), satellite and GSM. Selection of the most 
appropriate telemetry method is determined by the research questions and species characteristics. 
Depending on the telemetry method, information is collected on shark populations, habitat use, 
dispersal, migration, connectivity between regions, nursery grounds and aggregations of individuals. The 
selection of a telemetry method depends on the biological, ecological and behavioural characteristics of 
the shark species e.g. the time it spends at the surface and the spatial distribution or home range of a 
species.  
In this paragraph an overview and explanation of different telemetry methods is given, including the 
suitability of each method considering the research questions and characteristics of shark species. 
 
Potential research objectives of tagging of sharks in the Dutch Caribbean are: 
- Habitat use: how is a specific area used by shark species? Which area are used as nursery 
grounds by shark species?  
- Distribution: what is the spatial arrangement of a shark species, whereby distribution patterns 
may change over time (seasonally)?  
- Population structure: local populations or large mixing population? 
- Dispersal: how do individual sharks move from the area of origin (birth grounds) to breeding 
grounds or from area of high population density? 
- Migration: what are the long distance movement of individuals (usually seasonal)? 
- Connectivity: how do subpopulations of shark species exchange e.g. between islands?  
These research questions help to meet the first objective of a shark protection plan: to broaden the 
knowledge of shark species. This, in turn, provides information to meet the third objective: to ensure an 
adequate management framework is in place. 
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Table 12. Overview of telemetric research methods, the research objectives of each method, and the 
requirements of shark species to apply such method. 
Telemetry method Research objectives Species requirements 
1. Acoustic telemetry Habitat use, spatial distribution and depth range Medium to small home 
range (approx. <1.5km) 
Depending on arrays of 
detection stations and 
configuration. 
2. Radio telemetry Not applicable for shark species Very shallow water (< 
10 m depth) 
3. Transponder (PIT) tag Not applicable for shark species Very short detection 
ranges (few meters) 
4. Data storage/archival  
tag 
Habitat use in terms of environmental 
parameters: e.g. temperature and depth, spatial 
tracks difficult 
Either recapture or 
popup with satellite 
transmission 
5. Satellite telemetry Dispersal, migration, connectivity Frequent intervals of 
time spend at surface 
6. GSM telemetry Connectivity between islands (with large blind 
spots or gaps) 
Frequent intervals of 
time spend at surface 
 
Of the telemetry methods listed in Table 12, three methods are not feasible for shark research: radio 
telemetry, transponder/pit tags and GSM telemetry. Radio telemetry is mainly used for terrestrial species 
and is not suitable for marine species as the radio signals travel well in air, but poorly in water and 
therefore is only applicable in shallow water of up to a few meter deep. Transponder or Passive 
Integrated Transponder (PIT) tags consist of an integrated antenna coil encased in glass (Roussel et al. 
2000). A detection station detects its electromagnetic field. Detection range is very small (up to few 
meters). Moreover, since elasmobranch have the ability to sense electromagnetic fields, they may be 
well capable of detecting and avoiding detection stations, which is the main reason why PIT tags are not 
suitable for shark research, only as mark-recapture tags with hand held readers. GSM telemetry (Global 
System for Mobile communication) can be used in marine mammal research such as seals. It requires 
the marine mammal to frequently spend time at the surface within the range of a coastal GSM zone (up 
to about 20km from the coast). Within the Dutch Caribbean EEZ this is not feasible.  
8.2.1 Acoustic telemetry 
Acoustic telemetry employs acoustic transmitters, a small device emitting high frequency signals, which 
are detected by detection stations, consisting of an acoustic hydrophone and reciever. High frequency 
signals (69 kHz or higher) are above the threshold of audibility of fish and marine mammals. Acoustic 
telemetry is being used in shark research, for example to study habitat use of nurse sharks in Brazil 
(Ferreira, 2012) and movements of nurse sharks and Caribbean reef sharks in Belize (Chapman et al. 
2005).  
The tag (Figure 14 right) can be a simple pinger or can be equiped with a depth and/or temperature 
sensor. The transmission range is dependent of the battery strength, i.e. size of the tag, and can range 
from several hundred meters to more than one kilometer. The detection range also depends on the 
environmental conditions (turbulance and bubbles in the water), but is independent of current velocity.  
For long-term studies, it is best to surgically implant the tag in the abdominal cavity of sharks, which has 
the advantage that it is not lost and there is no fouling of organisms on the tag. The disadvantage is that 
it has to be deployed by an expert. The life span of the tag depends on battery type and size, power 
output, delay between code transmissions (duty cycle of pings per second, minute, hour, day, etc.) and 
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type of sensors included. This can be up to 10 years for the VEMCO V16 with 90 seconds delay and 
without sensors. 
The detection station (Figure 14 left) can be deployed by divers by attaching it to the seafloor, with a 
subsurface float to ensure an upright positioning of the detection station somewhere in the water 
column. Battery life of the VR2W detection station is 15 months and data can be transferred via blue 
tooth. The resulting data set is simple to analyse, for example distribution over time and depth range 
over time. 3D analysis is possible to determine the track of a shark, using cross technique, provided that 
sufficient detection stations are present in a small area enabling triangulation.  
 
The detection stations need to be place on a number of strategic points in the study area. A grid of 
detection stations within the study area depends on the number of sharks tagged. Since most likely not 
many sharks will be tagged, it is best to have a smaller grid with higher detection probability. A smaller 
grid is also favourable in case one station falls out. In the Brasil study (Ferreira, 2012) 25 stations were 
deployed in a 20x3km study area.  
It is advised to deploy an externally placed tag, for ease of visual identification of tagged sharks, 
especially when they are caught outside the study area. Acoustic telemetry can also be combined with 
data storage tags. 
The costs of acoustic telemetry are approximately €250-400 per transmitter (i.e. tag) depending on size 
of the transmitter and extra sensors,  e.g. VEMCO V16 [http://vemco.com/] and €1200 for a detection 
station, e.g. VEMCO VR2W [http://vemco.com/]. 
  
Figure 14. Left: VEMCO VR2W-69 kHz acoustic receiver. Right: WEMCO V16 coded transmitter 
[http://vemco.com/] 
8.2.2 Data storage tag 
Data storage or archival tags record and store measurements of ambient light levels, depth and 
temperature at pre-programmed intervals, but do not record the position of the tagged individual. The 
only position known is the location where the individual is tagged and the location where the recorded 
data are retrieved (i.e. place of recapture or position of pop-up of the tag). However, there are methods 
to derive position data from ambient light levels recorded by the tag during deployment, although the 
spatial accuracy is not conducive for evaluating small-scale movements (Hammerschlag et al. 2011). 
Depth data also provide some information on the position. For example, if the depth of the individual is 
deeper than the depth range of the study area (e.g. the Saba Marine Park with the 60m depth contour 
line as boundary) its position is outside the study area. For ray species it is possible to analyse its 
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position if the tidal range of the study area is large enough, using depth information and the timing of 
the tidal period.   
There are two ways of data retrieval. The first way is to recapture the tagged individual, which has as 
disadvantage that return rates are low, for sharks recapture rates for conventional tagging is usually less 
than 5%. The other way is to remotely transmit data from the tagged individual to a satellite or other 
receiver, e.g. by means of a pop-up archival tag (PAT tag) which is programmed to detach from the 
individual and float to the surface on a pre-programmed date or after a pre-programmed time.  
The latest generation PAT tag collects data at 15 minute intervals during 4 months of deployment, at half 
hour intervals if deployment exceeds 4 month but less than 8 months, and every hour over 8 but less 
than 16 months of deployment. Prices range between €2700 and €3100 per tag34. 
8.2.3 Satellite telemetry 
Satellite tagging and tracking provides the opportunity to measure home range, movements and habitat 
use of marine predators such as sharks (Weng et al. 2008). It records the position of a tagged individual, 
as well as the water temperature and depth at which it is swimming. The data reveal migratory routes 
and residency patterns, which can be used to identify which locations are used by sharks for mating, 
breeding and feeding and where sharks are vulnerable to fishing.  
Satellite telemetry is a suitable method to record data from sharks which frequently spend time at the 
surface, such as whale sharks, basking sharks and great white sharks, as the signal of a satellite does 
not travel through water.  
A review of satellite tagging studies by Hammerschlag et al. (2011) examined 48 studies between 1984 
and 2010. Questions addressed included the purpose, location and method of shark satellite tagging 
studies and the kind of tags used and data provided. A total of 17 studies in the Atlantic Ocean involved 
species occurring in the Dutch Caribbean: 8 of them studied basking sharks (Gore et al., 2008; Priede  
1984; Priede and Miller 2009; Shepard et al., 2006; Sims et al., 2003; Sims et al., 2006; Skomal et al., 
2004; Skomal et al., 2009); 3 of them studied bull sharks in the Bahamas and the coastal waters of the 
US and the Gulf of Mexico (Brunnschweiler et al., 2010; Brunnschweiler and Van Buskirk, 2006; Carlson 
et al., 2010); 2 of them studied whale sharks in Honduras and Belize (Gifford et al., 2007; Graham et 
al., 2006) and the remaining studies concerned Caribbean reef shark in Belize (Campana et al. 2009a), 
blue shark bycatch in the Canadian Atlantic fisheries (Campana et al. 2009b), a shortfin mako off the 
coast of the US (Loefer et al. 2005) and a big-eye thresher shark in the Gulf of Mexico (Weng and Block 
2004).  
Methods used in the above studies included pop-up archival tags (PAT tags) and satellite-linked 
transmitters (SAT tags). PAT tags record and store measurements of ambient light levels, depth and 
temperature at pre-programmed intervals. These tags are the same as the data storage tags discussed 
in the previous chapter and only transmit stored data to satellites upon detachment. SAT tags have only 
been used in two of the above studies, on basking sharks (Priede 1984; Priede and Miller 2009) and on 
whale sharks (Gifford et al., 2007). SAT tags, the majority of which are SPOT tags (smart position or 
temperature transmitting tags), transmit data whenever the tag reaches the surface. The main 
advantage of SAT tags is the more accurate, near-real time position data. The disadvantage of SAT tags 
is that the tag needs to surface for prolonged periods to allow for successive transmissions for obtaining 
accurate position data, which makes shark species which rarely surface less suitable candidates for SPOT 
tag deployment (Hammerschlag et al., 2011). Another difference between SAT and PAT tags is that PAT 
tags can be applied easily from a boat using a tagging lance, while SPOT tags need to be mounted to the 
shark’s dorsal fin (see Weng et al., 2005) which often requires catching and temporarily removing the 
shark from the water (Hammerschlag et al., 2011).  
                                                 
 
34 http://www.microwavetelemetry.com 
Report number C209/13 81 of 104 
A new satellite tracking technology, called “fast-GPS” tags, provide the ability to achieve accurate GPS 
locations while the tag only needs to be above the surface for less than one second35. Recent 
applications of this method are with a whale shark36 and a shortfin mako37. 
Other recent research in the Wider Caribbean applies satellite tagging of tiger sharks: R.J. Dunlap Marine 
Conservation Program of the University of Miami38 using SPOT tags on tigers sharks in the Bahamas and 
Florida (Hammerschlag et al., 2012b); and Guy Harvey Research Institute of the Nova Southeastern 
University in Florida using two types of satellite tags in combination with acoustic tags in the Bahamas, 
Bermuda, Cayman and US Virgin Islands39. They both collaborate with the Bimini Biological Field station 
at the Bahamas, which also conducts telemetric and genetic research on lemon sharks40. 
8.2.4 Tag and release 
Tag and release is a conventional tagging method used to study the life history, migrations and 
movements and population structure of sharks by tagging, releasing and recapturing individuals. Unlike 
telemetry, which is a sophisticated method to collect data at remote or inaccessible locations using data 
storage or data transmitters, conventional tags can be identified visually without the use of special 
detection equipment. It is mentioned here, because it has long been recognized as a valuable means to 
collect data and because numerous cooperative shark tagging programs exist worldwide. Cooperative 
programs depend on the joint participation of scientists and public volunteers to accomplish research 
objectives (Kohler and Turner, 2001). One such example is the shark tagging program of the starry 
smooth-hound shark (Mustelus asterias) and some other species of sharks and rays in the Netherlands, 
which was initiated by the Dutch Angler association in cooperation with IMARES and NGO ‘Stichting de 
Noordzee’. It aims to collect biological data, and to raise awareness on the status of sharks and rays 
(Winter and Van Overzee, 2013).  
 
In a review of 64 conventional shark tagging studies by Kohler and Turner (2001), benefits and problems 
of conventional tagging are discussed. The cost/benefit ratio for cooperative tagging programs is 
extremely low and for an individual institution it is impossible to mark and recapture large quantities of 
sharks over extensive areas, which requires thousands of knowledgeable volunteer recreational and 
commercial fishermen. As a result the costs of a tagging study are mainly limited to the costs of the tags 
and the managing institution. Nowadays many anglers only practice catch and release, and tagging is a 
socially acceptable component to recreational fishing (van der Elst 1990 in Kohler and Turner 2001). The 
recapture of sharks often happens opportunistically by recreational and commercial fishermen. More than 
half of the reviewed studies reported a recapture rate of less than 5%. This is mainly due to fishing 
pressure (e.g. chance that individuals are caught by fishing and not released nor reported back) and in 
addition natural mortality, tagging induced mortality, immigration from and emigration to a non-tagging 
area, tag loss, and experience level of the fishermen in species identification and recording data. 
Recapture rate only provides information on the size of the population if it is a closed system without 
migration and with a known dwelling time (E. Winter, pers. comm.) A recapture rate of 10% or more is 
usually an indication of small areas being used or high fishing pressure (E. Winter, pers. comm.). 
When choosing tags with clearly visible numbers or letters, sharks with tags might also be visually 
‘recaptured’  by scuba divers, e.g. easy to approach species such as nurse sharks. This method is applied 
                                                 
 
35 www.wildlifecomputers.com 
36 http://swfsc.noaa.gov/textblock.aspx?Division=FRD&id=16327 
37 http://www.livescience.com/26067-mako-shark-migration.html 
38 http://rjd.miami.edu/research/projects/gps-for-sharks 
39 http://www.nova.edu/ocean/ghri/tiger-sharks/index.html 
40 http://www6.miami.edu/sharklab/research_telemetry.html 
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with a small number of nurse sharks and reef sharks in the waters around St. Maarten (T. Bervoets, 
pers. comm.). 
8.2.5 Proposed telemetric research 
Conventional tag, release and recapture research is a valuable means to collect biological data, but given 
low recapture rates it requires the cooperation of thousands of volunteer recreational and commercial 
fishermen to collect data. Although this creates awareness amongst all those volunteers at the same 
time, it might be difficult to implement at such scale in the Dutch Caribbean EEZ alone.  
Telemetric research is a promising research method to broaden our knowledge of shark species 
occurrence in the Dutch Caribbean. It can answer research questions about distribution, habitat use, 
aggregation and nursery area, dispersal and migration.     
 
Of the six existing telemetric methods (Table 12), three methods are appropriate for shark research, 
depending on the research question which need to be answered and the life history characteristics of the 
shark species: acoustic telemetry, satellite telemetry and archival pop-up tags. The method chosen 
should deliver data independent if the individual is recaptured or not. It is best to combine each method 
with a conventional tag, for external identification purpose if a tagged individual is caught outside the 
boundaries of the study area or by people not involved in the research.  
 
Acoustic telemetry qualifies as research method for species with a medium to small home range such as 
nurse sharks and Caribbean reef sharks, as the acoustic signal transmits over a shorter distance. 
Satellite telemetry qualifies as research method for highly migratory species with regular surface 
intervals such as whale sharks, basking sharks and tiger sharks, as the tag only transmits stored data to 
the satellite at the surface. Archival pop-up tags has the advantage that it covers a larger area than 
acoustic telemetry, which makes it suitable for highly migratory species. The disadvantage is it does not 
record locations, and therefore is less suitable to study habitat use, distribution, dispersal and migration 
patterns. Data storage tags give good insight in how sharks use environmental conditions and whether 
there are clear day-night patterns in habitat use, but the disadvantage is that it does not record 
locations, and therefore is less suitable to study spatial patterns. Sometimes the data allows spatial 
patterns to be reconstructed up to a certain level, using e.g. depth, day-light length and timing, place of 
introduction and recapture. 
 
A consideration in the selection of a telemetric research method and species is the size of the study area 
(a potential shark sanctuary in the Dutch Caribbean EEZ) compared to the habitat use and home range 
of the species. A highly migratory species is less likely to be protected by the shark sanctuary and the 
chance to capture and tag an individual in the shark sanctuary is low. For a species with a smaller home 
range it is more likely that the collected telemetry data actually result in information which broadens the 
knowledge of that species. In addition, it is more likely that the shark sanctuary provides protection to 
species with a smaller home range. So a network with acoustic detection stations and probable more 
local shark populations (e.g. carribean reef shark, nurse sharks) appear most feasible to yield valuable 
data in relation to issues concerning installing sanctuaries. Perhaps in combination with other techniques. 
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9 Conclusions and recommendations    
Shark populations have steeply declined worldwide due to unsustainable overexploitation by man and in 
this the Caribbean region is no exception (Bascompte et al. 2005). In response to this awareness, many 
initiatives are now ongoing to protect the most threatened species, including major regional restrictions 
on the cruel practice of finning sharks. Sharks play an important ecological role in tropical marine 
ecosystems and represent an impressive economic potential in the context of ecotourism. As the 
Netherlands has traditionally shown strong international leadership and commitment in biodiversity 
protection, a key ambition of the new Dutch Caribbean Nature Policy Plan 2013-2017, developed jointly 
with the islands in the Dutch Caribbean, is the effective implementation of shark protection in its 
kingdom waters. 
 
This report provides the necessary review and background on which to base such an endeavour. Our 
updated review establishes that the Dutch Caribbean possesses a rich and diverse, though for the most 
part strongly depleted, shark fauna which urgently need more extensive protection. For many of the 
species found in the Dutch Caribbean, the Kingdom even carries treaty obligations.  
 
Throughout the world, sharks are playing an increasingly important role in island economies as an 
important natural attraction for eco-based recreation and tourism. A recent study has shown that a 
single shark can represent an average touristic resource value of US$ 2.64 million. Consequently, shark 
protection is taking flight around the world as well, including the Caribbean. In the last 3 years the 
region has seen the implementation of shark NPOAs in the Bahamas, Honduras and Venezuela. 
 
The Dutch Caribbean also possesses major shark economic potential, and based on this two Dutch 
Caribbean islands have already implemented forms of legal protection for sharks. Because the most 
destructive industrial-scale fishery practices (shark fishery, shark finning, long-lining and gillnetting) 
have never been important in the Dutch Caribbean, the development and effective implementation of a 
shark NPOA is much simpler than in most situations. Scientific information-needs for detailed 
management of complicated fisheries is also less, and holistic approaches to shark management are 
proving to be especially feasible. Center and foremost among these worldwide is the use of sanctuaries 
as the main conservation tool. The survey conducted among key island stakeholders as part of this study 
demonstrates wide support for shark protection and management, with 94% of the non-diving residents, 
100% of the diving residents and half of the fishermen being in favour of shark protection and 
management of bycatch. The overall feasibility for successful shark conservation is high due to a number 
of factors as listed in chapter 7. 
 
We therefore propose the establishment of a shark sanctuary as the main cornerstone to a NPOA Sharks 
for the Dutch Caribbean. This report outlines the ecological arguments for the establishment of a shark 
NPOA and sanctuary(ies) in chapter 4, as well as the typical issues that need to be addressed in chapter 
7. Legal designation of a shark sanctuary would form the first and most important step which provides 
the framework for all broader (international cooperation) and in depth (knowledge and conservation 
development) initiatives. Once a sanctuary is established, the fuller implementation of a shark NPOA 
should be seen as a gradual process, involving development of knowledge, policy, rules and regulations, 
public and stakeholder participation. In this, the Netherlands would follow and importantly reinforce the 
efforts of other nations who have already established NPOAs based on shark sanctuaries within the 
region. 
 
New and remarkable values of the Dutch Caribbean with respect to sharks include apparently healthy 
deepwater shark populations around the ABC islands (as apparent from submarine explorations down to 
depths of 900 m) and the recent detection of a second Dutch Caribbean record for the globally 
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endangered basking shark. New findings for this species suggest they use deep tropical waters (such as 
possibly those of the Dutch Caribbean) as wintering grounds. The most promising area for establishment 
of a shark sanctuary is the little-fished Saba Bank as this area of unique biodiversity has the best shark 
population status (Toller et al. 2009; Van Beek et al. 2012), has recently already acquired national 
protected status and an active management structure, as well as international status as a PSSA and an 
IMO anchoring prohibition. Furthermore, a shark sanctuary in this area could importantly reinforce 
governments plans to locate the first (part) of a Dutch Caribbean Marine Mammal Sanctuary in the 
Northern EEZ waters including the Saba Bank. The shark population present presents unique research 
opportunities that could also generate considerable economic spin-off for the islands in terms of scientific 
research and knowledge development. 
 
We conclude with three key recommendations: 
 
 Develop a simple and holistic shark NPOA based importantly on the use of one (or more) 
shark sanctuaries 
 Set up a shark research program combining on the one hand low tech opportunistic 
approaches (allowing participation of stakeholder groups for awareness and community 
support) and on the other hand using high tech approaches (genetic, telemetry, video-
monitoring) to allow thorough insights even though abundance may be low 
 Start actively participating in regional shark conservation and ecosystem initiatives and seek 
active collaboration with sister sanctuaries of the region (Venezuela, Honduras, Bahamas) 
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10 Quality Assurance 
IMARES utilises an ISO 9001:2008 certified quality management system (certificate number: 124296-
2012-AQ-NLD-RvA). This certificate is valid until 15 December 2015. The organisation has been certified 
since 27 February 2001. The certification was issued by DNV Certification B.V. Furthermore, the chemical 
laboratory of the Fish Division has NEN-EN-ISO/IEC 17025:2005 accreditation for test laboratories with 
number L097. This accreditation is valid until 27 March 2017 and was first issued on 27 March 1997.  
Accreditation was granted by the Council for Accreditation.   
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Appendix A: Species list of sharks and rays in the Dutch 
Caribbean 
Table A:  Documented shark and ray species in the Dutch Caribbean and their status according to 
international (CITES, CMS) and regional (SPAW) conventions and the IUCN Red list of endangered 
species. X=observations documented by Van Beek et al. (2012) XX=new observations in 2013 
*=tentatively present (IUCN SSG, N.Dulvy pers. comm.). IUCN Red List categories of threatened 
species are: CR=Critically Endangered; EN=Endangered; VU=Vulnerable. Other categories are: 
NT=Near Threatened; LC=Least Concern en DD=Data Deficient. Habitat indicates which species are 
pelagic, indicating observations are more difficult and therefore less  common.  P=oceanic en 
SP=Semi-pelagic (Camhi et al., 2009).  
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1. Whale shark Rhincodon typus X(1,2)
xx(15) 
X(1,3) X (1) X (1) X (1) X(1,9) II II (II) VU 
2. Nurse shark Ginglymostoma cirratum X (2) X (3) X (4) X(7,8) X (10) X¹(9)    DD 
3. Caribbean reef shark Carcharhinus perezi X (2) X (3)  X(7,8) X (10) X2(9)    NT 
4. Blacktip shark Carcharhinus limbatus X (2)   X (8)  X3(9)    NT  
5. Lemon shark Negaprion brevirostris X (2)  X (4)   X4(9)    NT 
6. Bull Shark Carcharhinus leucas X (2) X (3)  X (8) X (10) X5(9)    NT 
7. Tiger Shark Galeocerdo cuvier X (2) X (12)  X(7,8) X (10) X6(9)    NT 
8. Oceanic white-tip shark Carcharhinus 
longimanus 
X (2)  X (4)    II1  (II) VU 
9. Silky shark Carcharhinus falciformis   X (4)       NT 
10.Blue shark Prionace glauca   X (4)       NT 
xx Sandbar shark Carcharhinus plumbeus    xx(17)      VU 
*Blacknose reef shark Carcharhinus acronotus * * * * * *    NT 
*Brazilian Sharpnose Shark Rhizoprionodon lalandii * * * * * *    DD 
*Caribean Sharpnose Shark Rhiziprionodon porosus * * * * * *    LC 
11.Smooth hammerhead Sphyrna zygaena X (2)      II1  (II) VU 
12.Scalloped hammerhead Sphyrna lewini X (2)  X (11)    II1   (II) EN 
13.Great hammerhead Sphyrna mokarran X (2)     X7(9) II1  (II) EN 
14.Bonnethead shark Sphyrna tiburo X (2)  X (5)       LC 
Hammerhead unspecified Sphyrna spp.  X (3) X (4) X (8)       
xx.Basking shark Cetorhinus maximus xx(15)      II I,II (II) VU 
15.Shortfin mako Isurus oxyrinchus X (2)       II (II) VU 
16.Thresher shark Alopias vulpinus X (2)         VU 
17.Bigeye thresher Alopias superciliosus X (2)        (II) VU 
18.Big-eyed sixgill shark Hexanchus nakamurai   X(4,5) X (8)      DD 
xx.Bluntnose sixgill shark Hexanchus griseus  xx(16)        VU 
19.Smalltooth sawfish Pristis pectinata   X(4,6)    I  (II) CR 
20.Cuban dogfish shark Squalus cubensis   X (4) X (7)      DD 
21.Cookiecutter shark Isistius brasiliensis   X (5)       LC 
22.Lined lanternshark Etmopterus bullisi    X (7)      LC 
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23.Houndshark unspecified Triakis spp.   X (4)        
24.Hoary catshark Apristurus canutus   X (5)       DD 
*Boa catshark Scyliorhinus boa  * * * * * *    DD 
*Chupare stingray Himantura schmardae * * * * * *    DD 
*Bluntnose stingray Dasyatis say * * * * * *    LC 
25.Spotted eagle ray Aetobatus narinari X X (5) X (5) X X X    DD 
26.Southern stingray Dasyatis americana X X (5) X (5) X X X    DD 
27.Giant manta ray Manta birostris  X (9)     II1 I,II  VU 
 
Documented as part of the study in 2012 (Van Overzee, 2012) 
(1)  24 observations in the past 50 years, 4 for the windward islands of Saba, St. Eustatius and St. Maarten and 
twenty for the leeward islands of Aruba, Bonaire and Curaçao. The majority of observations (67%) are 
from the past 5 years (Debrot et al., in press) 
(2)  Observations of bycatch by the Fisheries Department on Aruba in the past 20 years. More species have 
been reported, but these have not been identified with certainty by the Fisheries Department and have not 
been included in the species list (B. Boekhoudt, pers. comm.) 
(3)  Observations by the Bonaire National Marine Park manager in the past 15 years: Whale sharks in 2001 
(Klein Bonaire and 18 Palm), Hammerheads in 2000 (east coast) and 2002 (Belnem), Bull sharks in 2002 
(east coast and Lac) and 2012 (Harbour Village Marina), Caribbean reef sharks (common, 15-20 in past 15 
years), Nurse sharks (common, 25-30 in past 15 years, especially at the east coast and Washington 
Slagbaai National Park, unidentified group of sharks in 2010 (3 miles offshore from Cargil) (R. de León, 
pers. comm.) 
(4)  Observations by the Head of Fisheries Department on Curaçao: Oceanic white tip in the 60s (harbour) and 
70s (at sea), Smalltooth sawfish in the 70s (St. Jorisbaai), Blue shark, Bigeyed sixgill shark, Silky sharks 
(used to be common), Lemon sharks (Oostpunt lagune), Hammerhead sharks (daily in the 70s and 
occasionally nowadays), Tiger shark in 2011 (Patrick). Cuban dogfish shark, houndshark species, sixgill 
shark species and sometimes nurse sharks are bycatch (G. van Buurt, pers. comm.)  
(5)  Observations by A. Debrot between 1990 and 1995 around Curaçao and Bonaire: Big-eyed sixgill shark and 
Cuban dogfish shark in 2000 (Reed and Pomponi, 2001; A. Debrot, pers. comm.). Cookycutter shark 
(Debrot and Barros, 1992; Debrot and Barros, 1994) 
(6)  (Boeke, 1907) Observation in the Schottegat Curaçao 
(7)  (Williams et al., 2010) 
(8)  Observations around Saba and the Saba Bank by I. van Beek, A. Debrot en M. de Graaf and at Harbour 
Village Marina Bonaire by I. van Beek. 
(9)  Observations by the St. Maarten Nature Foundation Marine Park Manager: Whale shark in October 2010 
(reported, not confirmed with certainty). Frequency of other observations is at least once per year and 
X1,2,, 3, etc. denotes the frequency from high to low (T.Bervoets, pers. comm.) 
(10) Observations by the St. Eustatius National Park Foundation Manager between 2003 en 2010 (N. Esteban, 
pers. comm.) 
(11) Antilliaans Dagblad 19 March 2007 
(12) Catch by A. Debrot Sr. in the 50s at Washington Slagbaai (A. Debrot, pers. comm.) 
(13) CITES appendices I, II en III listed 3 shark species that occur in the Dutch Caribbean at the time of the 
research of IMARES in 2012. Now the number has increased to 8 species in the Dutch Caribbean, which 
enters into effect as of 14 September 2014 (species marked as II1).  
(14) SPAW appendices do not list shark species currently. The revision that was considered at the COP7 in  
2012 contained a long list of shark species in appendix II. This was not accepted and a shortlist of priority 
species was requested. The 15 priority species which will be considered at the COP8 in 2014/2015 are 
denoted as (II) (P. Hoetjes, pers. comm.)  
 
Additions as part of this research in 2013 
(15) A Basking Shark was recorded in the Dutch Caribbean EEZ north from Aruba and Curuçao (Geelhoed 
et al submitted) and a Whale Shark was recorded north-northwest from Aruba (Geelhoed et al 2014) 
(16) Analysis of submarine explorations to depths of 900 m (D. Debrot, in prep.) 
(17) Saba fisheries monitoring program (M. De Graaf, in prep.)  
 
Internet webpages 
[i] CITES appendices I, II and III assessed 7/1/2014 at http://www.cites.org/eng/app/appendices.php  
[ii] CMS appendices I, II assessed 7/1/14 http://www.cms.int/documents/appendix/appendices_e.pdf 
[ii] SPAW bijlagen I, II en III. Assessed 11/09/2012 from http://www.cep.unep.org/cartagena-
convention/spaw-protocol/spaw-final-act-resolution-and-appendix/view 
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Appendix B: International & national legislation and 
regulation 
Table B1. Overzicht van alle beschermde haaien- en roggensoorten (elasmobranchii) in de internationale 
CITES [2 en 3] en CMS verdragen. 
  CITES bijlagen* CMS bijlagen*** 
Populaire naam  
(‘common name’) 
Wetenschappelijke naam I II III I II 
Whale shark Rhincodon typus  X   X 
Basking shark Cetorhinus maximus  X  X X 
Great white shark Carcharodon carcharias  X  X X 
Sawfishes Pristis spp. X     
Scalloped hammerhead Sphyrna lewini  X*    
Smooth hammerhead Sphyrna zygaena  X*    
Great hammerhead Sphyrna mokarran  X*    
Oceanic white-tip shark Carcharhinus longimanus  X*    
Porbeagle shark Lamna nasus  X* X**  X 
Shortfin mako Isurus oxyrinchus     X 
Longfin mako Isurus paucus     X 
Piked dogfish Squalus acanthias     X 
Manta ray Manta birostris  X*  X X 
Overige Manta’s Manta spp.  X* X**   
* CITES bijlagen met ingang van 14 september 2014 
** CITES bijlagen tot 14 september 2014 
*** CMS bijlagen met ingang van 23 februari 2012 
 
 
Table B2. Overzicht van de internationale,  regionale, nationale en eilandelijke rechtsgronden voor de  
bescherming van haaien. 
 Internationale en regionale 
verdragen 
Specifieke wetgeving haaien 
Rechtsgebied CITES CMS SPAW Bescherming Sancties 
Koninkrijk der Nederlanden Ja Ja N.v.t.   
Caribisch Nederland 
 Wet grondslagen natuurbeheer- 
en bescherming BES 
 Visserijwet BES 
Ja  
Art.6 
 
Nvt 
Ja 
Art.12 
 
Nvt 
Ja 
Art.13 
 
Nvt 
Nee Nee 
Bonaire 
 Natuurverordening: AB 2008 No. 
23 
 Natuurbesluit: AB 2010 No. 15 
 Marien: AB1991 No. 8 
Bijlage I 
Art.11.1 
AB2008 
Bijlage I 
Art.11.1 
AB2008 
Bijlage I&II 
Art.11.1 
AB2008 
Bijlage III 
mogelijk  
Ja alle haaien en drie 
roggensoorten  
(Manta birostris, 
Aetobatus narinari, 
Dasyastis Americana) 
Art.11.1 AB2010 
Dit als toevoeging op 
CITES/CMS/SPAW cf. 
Art.11.2 AB2008 
Nee 
St. Eustatius 
 Natuur: AB 1996 No. 3 
Nee Nee Nee Nee 
Toevoeging op vangst 
N.v.t. voor haaien, wel 
bij overtreding AB1996 
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wel mogelijk cf art. 8 (max 1mnd/ 5.000 NAF) 
Saba 
 Marien: AB 1987 No. 10 
Nee Nee Nee Nee 
Toevoeging op vangst 
wel mogelijk cf art. 7 
N.v.t. voor haaien, wel 
bij overtreding AB1987 
(max 1mnd/ 5.000 NAF) 
Aruba 
 Natuur: AB 1995 No. 2 
 Cites register: AB 1995 No. 69  
 Visserij: AB 1992 No. 116,  
             AB 1993 No. 15 
Bijlage I&II 
&III Art. 
11&12&13 
AB1995#2 
AB1995#69 
Nee Art. 11&13 
AB1995 
Nee Nee 
Curaçao 
 Natuur: PB 1998 No. 49 
 Visserij: AB 2007 No. 117 
             AB 2009 No. 48 
             PB 1991 No. 74 
Ja 
Art.6&7 
PB2001 
Ja 
Art.8c 
PB2001 
Ja 
Art.8a&8b 
PB2001 
Nee Nee 
St. Maarten 
 Natuur: AB 2003 No. 25 
 Maritiem: PB 2007 No. 18 
 Visserij: PB 1991 No. 74 
 Tijdelijk verbod haaienvisserij dd 
12 oktober 2011 
Bijlage I 
Art.16.1 
AB2003 
Bijlage I 
Art.16.1 
AB2003 
Bijlage I&II 
Art.16.1 
Bijlage III 
mogelijk 
Art.16.3 
AB2003 
Nee 
Toevoegingen op 
CITES/CMS/SPAW  
wel mogelijk  cf. 
Art.16.2 AB2003 
Niet voor overtreding op 
CITES/CMS/SPAW in 
AB2003 
Wel op haaienvangst in 
tijdelijk verbod 2011   
(max 3mnd/500,000 
NAF)  
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Appendix C: Questionnaire 
Questionnaire on the support for shark conservation measures 
 
Sharks and rays in the waters surrounding the Dutch Caribbean islands have been strongly depleted in 
the last half century, mainly due to illegal fishing (sharks are not a target species in the Dutch 
Caribbean), bycatch in local fisheries and destruction and disturbance of their habitats.  
 
This is alarming because of the fact that these animals play an important role in ecosystem health, and 
are of increasing value to the growing dive and ecotourism industry. Many are internationally endangered 
species. 
 
IMARES was asked by the Dutch Ministry of Economic Affairs to develop a shark protection plan. Sharks 
are migratory species, so local fisheries and conservation measures alone cannot resolve the depletion of 
shark populations in the Dutch Caribbean due to their (semi-)pelagic habitat use across EEZ borders. 
Therefor regional cooperation will be essential.  
 
Public environmental awareness and support for management measures are another key determinant for 
the successful implementation of a shark protection plan. Therefor we would like to assess opinions and 
perceptions of key coastal resource users, which are 1) fishermen 2) sport divers and 3) native 
residents. 
 
We hope you can answer a few questions, which will take approximately 10 minutes of your time.  
 
 
Questionnaire fishermen 
 
1. Since how many years do you fish on island xxx? _______ years 
 
2. Which species do you catch as bycatch (multiple answers possible)? 
a. Nurse shark 
b. Caribbean reef shark 
c. Hammerheads, please specify species ___________________ 
d. Rays, please specify species  __________________________ 
e. Other, please specify ________________________________ 
f. No answer 
 
3. Would you say that during the last 5–10 years the variety of sharks and rays caught has: 
a. Increased 
b. Stayed the same 
c. Decreased 
d. Not sure 
 
4. Would you say that during the last 5–10 years the number of sharks and rays caught has: 
a. Increased 
b. Stayed the same 
c. Decreased 
d. Not sure 
 
5. Would you say that during the last 5–10 years the size of sharks and rays caught has 
changed: 
a. Smaller individuals 
b. No change 
c. Larger individuals 
d. Not sure 
 
6. What do you do if you catch a shark or ray (multiple answers possible)? 
a. Discard alive 
b. Kill and discard 
c. Use as bait 
d. Land and use for own consumption 
e. Land and sell at the local market 
102 of 104 Report number C209/13 
 
7. Do you think shark and ray bycatch should be managed? 
a. Yes 
b. No 
c. No opinion 
 
8. What are in your opinion good measures to reduce shark and ray bycatch?  
Rank each option on a scale from 1 (worst) to 5 (excellent) 
a. Modify fishing gear and/or fishing method   1       2       3       4       
5 
Please specify modification 
_________________________________________________ 
b. Prevent overfishing by means of guidelines or limits to: 
i. number of fish traps    1       2       3       4       5 
ii. soak time of fish traps    1       2       3       4       5 
iii. handling of caught sharks   1       2       3       4       5 
iv. handline fishing     1       2       3       4       5 
v. gillnet fishing     1       2       3       4       5 
vi. seine fishing     1       2       3       4       5 
vii. number of fishermen    1       2       3       4       5 
c. Introduce no-fish reserves    1       2       3       4       5 
d. Introduce legislation for shark and ray protection   1       2       3       4       
5 
(e.g. shark finning ban, habitat and species protection) 
e. Increase enforcement on legislation   1       2       3       4       5  
(including meaningful penalties)  
f. Introduce fisheries management to record bycatch 1       2       3       4       5  
(landed and discarded) 
g. Other, please specify 
______________________________________________________ 
 
9. What additional costs (e.g. for modification of gear or fishing method) are you willing to 
contribute to bycatch reduction? $_______ annually 
 
10. Any other comments or remarks?  
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
___ 
Thank you very much for your cooperation! 
 
 
Questionnaire local sport divers (residents) 
 
1. Since how many years do you dive on island xxx? ___ years 
 
2. Which species did you see during your dives (multiple answers possible)? 
a. Nurse shark 
b. Caribbean reef shark 
c. Hammerheads, please specify species 
_________________________________________ 
d. Rays, please specify species  
________________________________________________ 
e. Other, please specify 
______________________________________________________ 
f. No answer 
 
3. Would you say that during the last 5–10 years the variety of sharks and rays seen has: 
a. Increased 
b. No change 
c. Decreased 
d. Not sure 
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4. Would you say that during the last 5–10 years the number of sharks and rays seen has: 
a. Increased 
b. No change 
c. Decreased 
d. Not sure 
 
5. Would you say that during the last 5–10 years the size of sharks and rays seen has changed: 
a. Smaller individuals 
b. No change 
c. Larger individuals 
d. Not sure 
 
6. When diving, how important is the sighting of sharks to your enjoyment of the dive? 
a. Very important 
b. Important 
c. Indifferent 
d. Unimportant 
e. Very important 
f. No opinion 
 
7. When diving, how important is the sighting of rays to your enjoyment of the dive? 
a. Very important 
b. Important 
c. Indifferent 
d. Unimportant 
e. Very important 
f. No opinion 
 
8. Do you think sharks and rays should be protected? 
a. Yes 
b. No 
c. No opinion 
 
9. What are in your opinion good measures to protect sharks and rays? 
Rank each option on a scale from  1 (worst) to 5 (excellent) 
a. Prevent overfishing     1       2       3       4       5 
b. Protect shark and ray habitats    1       2       3       4       5 
c. Introduce no-fish reserves    1       2       3       4       5 
d. Require immediate release of sharks   1       2       3       4       5 
e. Prohibit landing of sharks    1       2       3       4       5 
f. Introduce legislation (e.g. shark finning ban)  1       2       3       4       5 
g. Increase enforcement (including meaningful penalties)  1       2       3       4       5  
h. Other, please specify 
______________________________________________________ 
 
10. What are you willing to contribute to shark and ray protection by means of an increase of your 
annual diving fee? $_______ annually  
 
11. Any other comments or remarks? 
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
___ 
 
Thank you very much for your cooperation! 
 
 
 
Questionnaire local inhabitants (non-sport divers) 
 
1. How long have you lived on island xxx? ___ years 
 
2. Are you: 
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a. Born on the island 
b. Not born on the island, but your family is from the island 
c. No family ties to the island, but from another (former) Dutch island 
d. From the Netherlands 
e. From elsewhere, please specify 
______________________________________________ 
f. No answer 
 
3. Which species of sharks and rays do you know (multiple answers possible)? 
a. Nurse shark 
b. Caribbean reef shark 
c. Hammerheads, please specify species 
_________________________________________ 
d. Rays, please specify 
species_________________________________________________ 
e. Other, please specify 
______________________________________________________ 
f. No answer 
 
 
4. Do you think that during the last 5–10 years the number of sharks and rays has: 
a. Increased 
b. Stayed the same 
c. Decreased 
d. Not sure 
 
 
5. Do you think sharks and rays should be protected? 
a. Yes 
b. No 
c. No opinion 
 
 
6. What are in your opinion good measures to protect sharks and rays (multiple answers possible)? 
Rank each option on a scale from  1 (worst) to 5 (excellent) 
a. Prevent overfishing     1       2       3       4       5 
b. Protect shark and ray habitats    1       2       3       4       5 
c. Introduce no-fish reserves    1       2       3       4       5 
d. Require immediate release of sharks   1       2       3       4       5 
e. Prohibit landing of sharks    1       2       3       4       5 
f. Introduce legislation (e.g. shark finning ban)  1       2       3       4       5 
g. Increase enforcement (including meaningful penalties)  1       2       3       4       5  
h. Other, please specify 
______________________________________________________ 
 
7. What are you willing to contribute to shark and ray protection by means of an annual nature fee? 
$_______ annually  
 
8. Any other comments or remarks? 
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
___ 
 
Thank you very much for your cooperation! 
  
 
 
